IN liiKNATiONAL APPUCA N PUBLI^Ht-U Disi^i^K i iiti iVvl lilN i Li^AK^.-" 



(51) International Patent Classification ^ : 
C07K 


A2 


(11) International Publication Number: WO 98/00439 
(43) International Publication Date: 8 January 1998 (08.01.98) 


(21) International Application Number: PCT/US97/1 1279 

(22) International Filing Dote: 27 June 1997 (27.06.97) 

(30) Priority Data: 

08/671,756 28 June 1996 (28.06,96) US 
08/837^05 1 1 April 1997 (1 1.04,97) US 

(71) Applicant (for all designated States except US): TRUSTEES 

OF TUFTS COLLEGE [US/US); Ballou Hall. 4th floor, 
McdfoTd. MA 02155 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BACHOVCHIN, William. 
W. [US/US]; 71 Warwick Road, Melrose, MA 02176 (US). 

(74) Agent: PLUMER, Elizabeth, R.; Wolf, Greenfield & Sacks, 
P.C., 600 Atlantic Avenue, Boston, MA 02210 (US). 


(81) Designated States: AL. AM, AT. AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES. H, GB, GE, 

HU.iuis, jp,ke,kg,kp.kr.kz,lc;lk,lr. LS,LT. 

LU. LV. MD. MG, MK, MN, MW, MX, NO, N2, PL, PT, 
RO, RU, SD, SE. SG, SI, SK. TJ, TM, TR, TT. UA, UG. 
US, UZ, VN. ARIPO patent (GH, KE, LS, MW, SD, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, n, TM), European patent (AT, BE, CH, DE, DK, ES, 
FI, FR, GB, GR, IE, IT. LU, MC, NL, PT, SE), OAPI patent 
(BF. BJ, CF, CG, CI. CM, GA. GN, ML, MR. NE, SN, TD, 
TG), 

Published 

Without international search report and to be republished 
upon receipt of that report. 


(54) Title: MULTIVALENT COMPOUNDS FOR CROSS-LINKING RECEPTORS AND USES THEREOF 



(57) Abstract 

Synthetic cross-linking homobivalcnt and heterobivalent compounds have been designed and developed. These compounds are low 
in molecular weight, have antagonistic or agonistic activity, and induce the association between two identical or similar naUiral receptors 
(homobivalent compounds) or induce the association between two different natural receptors (heterobivalent compounds). 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify Stales party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albcaia 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenim 


AM 


AimcaU 


FI 


Finland 


LT 


Lithuania 


SK 


Stovakia 


AT 


Atutm 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Aiutnlia 


GA 


Gabon 


LY 


Latvia 


sz 


Swaziland 


AZ 


Azetbaljan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


DA 


Bosnia and Hctzcjovuia 


GE 


Coocgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GU 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


TWkmentstan 


DP 


Butktna Faso 


GR 


Greece 




Republic of Macedonia 


TR 


TUricey 


DG 


Bulgaria 


HU 


Hungary 


ML 


MaU 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ulcraine 


BR 


Brazil 


IL 


brael 


MR 


Mauritania 


UG 


Uganda 


BY 


Bclanu 


IS 


Iceland 


MW 


Malawi 


US 


United Statea of America 


CA 


Canada 


IT 


Italy 


MX 


Meaico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


ai 


Swiucrland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


COcc d'Xvobc 


KP 


Democratic People'a 


NZ 


New Zealand 






CM 


Caroccoon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba. 


KZ 


Kazakstan 


RO 


Romania 






cz 


Cxech Republic 


LC 


Saint Luda 


RU 


Russian Federation 






D£ 


Gennany 


U 


Liechtenstein 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







kliCEPTORS AND USES THLi<EOi' ' 

Cross Reference To Related Applications 
This application is a continuation-in-part of Application Serial No. 
5 08/837,305, filed April 11, 1 997, which is a continuation-in-part of Application 
Serial No. 08/671,756, filed June 28, 1996. 

Statement as to Federally Sponsored Research 
This invention was made, in part, with U.S. Government support under 
Grant No. 5-RO 1-AI3 1 866 awarded by the National Institute of Allergy and 
10 Infectious Diseases. 

The Field of the Invention 
This invention relates to low molecular weight bivalent and multivalent 
crosslinking compounds capable of inducing association between naturally 
occurring receptors, and particularly to inducing association between surface 
1 5 receptors on T cells, hematopoietic cells or antigen presenting cells such as 

macrophages, dendritic cells or B cells, e.g., homobivalent induced CD26-CD26 
association or heterobivalent induced CD26 association with the above-mentioned 
surface receptors. 

Background of the Invention 
20 Cell surface receptors transmit signals received on the outside of a cell to 

the inside through two basic mechanisms: (I) ligand-induced allosteric 
conformational change and (2) ligand-induced association. 

The ligands for the ligand-induced, allosteric conformational change 
mechanism are typically small molecules, such as the catecholamines or the 

25 neuropeptide hormones. 

The ligand-induced association mechanism involves an association of 
specific proteins on the cell surface and has only recently been discovered 
(relatively speaking), but already has been shown to be as widely used and as 
important as the first mechanism. 
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Recepte acivatcd by a ligand-induccd dimcrizaeion include for 
..an-ple, those fo. coU ^wft and difr„=„.a.on facto.. Facto, which'se^c a. 
U^6. for thee recepto. a. ..picaUy large poi^cpUde hormone and cytokines 
such as eo-thropoietin. granulocyte colony stimulating factor (G-CSF) or 
^ granulocyte macrophage colony stimulating factor (GM-CSF), and human growth 
i.ormone (1,GH). Many of the dimerization-activated rcccpto. have cytoplasmic 
mtls tl,a. contain protein kinase domains or docking sites. Ligand-induced 
d,merization of the extracellular domains of these receptors results in the 
J^taposition of their cytoplasmic tails. They then presumably phosphotylate each 

^= cytoplasmic domains of dimcrization-acivatod receptors do not have kinase 
domains themselves, but fi^nction the same as if they did because they associate 
with protein kinases via docking sites. 

^''byongomerization or aggregation an= found most 
rtequently in i,„m„„e system. Tltey include, for example, tl,e T eel, surface 
reoepto. such as CD2. CD4. CDS. CD28. CD26. CD44. CD45. CDIO and 
CD3.rCR (T cell antigen „=eeptor) and the B cell surface .ceptors such as CD40 
B7.1 and B7.2. The ligands for these cell „cepto. ate most often cell surface ' 
protctns themselves, and can be found on cognate cells. Agg^gation-aetivated 
rccepto. f„,ue„,ly have short cytoplasmic domains which act to bind and tl,e.by 

:Zi:::;r^^"~--°-— --~nof 

''"="°^'=*""^-'™''^'-«P'orelasste been the primaty focus of 
-Cd.cove,.desig„.a„dd.,elopmenten-ortsrordecades...eseeJ^^^^^ 
..elded many phannaeologieally agents. i„ principle, two distinct types of agl 
-possiMc: antagonistsandagonists. Antagonists block the binding oflnla, ' 
'.>-dw..outi„dueingtheeonfo™a,ionalehangeinthereceptortllbyblo^^^^^^^^ 
astgnaltransductionpathway. Agonistsbind to the receptor inamannerwl^^^ ' 
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as natural ligand thereby initiating a signal transduction pathway. See Seed, et al, 
for a theoretical discussion on how to make an agonist from an antagonist (Seed, B., 
Making Agonists of Antagonists, Chemistry & Biology 1:125 (1994). See Austin, 
et al. for a discussion of the role of regulated protein dimerization in biology 
5 (Austin, et al. rh^mif^try & Biology 1:131 (1994)). 

Several association-activation receptors have recently become the targets 
of drug discovery efforts, owing to the important roles they play in various cellular 
signaling. Low-molecular weight synthetic molecules, that block the interaction of 
receptors and their ligands and interfere with signal transduction (i.e., antagonists), 

10 have been identified using the methods employed witli the allostcrically activated 
class. These low-molecular weight synthetic molecules are potential drugs. 

Monomeric inhibitors block recall antigen-induced T cell activation and 
proliferation (G.R. FIcntkc, et al. Inhibition of dipcptidyl aminopeptidase IV (DP- 
IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine the role of 

15 DP-IV inT-ccll function, PNAS (USA) 88, 1556-1559 (1991)). A number of anti- 
CD26 mAbs have the same inhibitory activity when used under non-crosslinking 
conditions (C. Morimoto, et al. 1F7, a novel cell surface molecule, involved in 
helper function of CD4 cells, Journal of Immunology 143, 3430-3439 (1989) and 
published erratum appears in J. Immunology. 144(5):2027 (Mar 1990)). Mostanti- 

20 CD26 mAbs arc stimulatory, rather than inhibitory when used under crosslinking 
conditions (R.W. Barton, et al. Binding of the T cell activation monoclonal 
antibody Tal to dipeptidyl peptidase IV, Journal of Leukocyte Biology 48, 291-296 
(1990); L.A. Bristol, et al. Thymocyte costimulating antigen is CD26 (dipeptidyl- 
peptidasc IV). Co-stimulation of granulocyte, macrophage, and T lineage cell 

25 proliferation via CD26, Journal of Immunology 149, 367-372. (1992); L.A. Bristol, 
et al. Characterization of a novel rat thymocyte costimulating antigen by the 
monoclonal antibody \3, Journal of Immunology^ 148, 332-338 (1992); B. 
Fleischer, et al. Triggering of cytotoxic T lymphocytes and NIC cells via the Tpl03 
pathway is dependent on the expression of the T cell receptor/CD3 complex. 
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Jownc,! of Immunology W, "03-11077 (1988); M. Heg=n, et al. TheTcdl 
iriggcring molecule Tpl03 i. associated wi>h dipeplidyl aminopepUdasc IV activity 
^ /ototwio/. 144, 2980-2914 (1990)). 

A class of low molecular weight synthetic monomeric molecules with 
5 htgl, aflmily for CD26 have previously been developed and characterized (G.R 
Flentke. et al. Inhibition of dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro 
dipeptides and use of these inhibitors to examine the role of DP-IV in T cell 
Action, PNAS(USA) 88. 1556-1559 (1991); W.G. Guthei, and W.W. Bachovchin 
Separation of L-Pro-DL-boroPro into Its Component Dias.crcomc and Kinetic 
.0 Analysis of Their Inhibition of Dipeptidyl Peptidase IV. A New Method for the 
Analysis of Slow, nght-Binding Inhibition. Biochcmlslry 32. 8723-8731 (1993)) 
These tnolecules Itave been shown to be potent and specific synthetic mhibitors for 
CD26's associated DP IV proteinase activity. DP-IV is a postproline cleaving 
enzyme v«.h a specificity for removing Xaa-Pro (where Xaa ^.presents any amino 
15 acd) dipeptides from tlie amino terminus of polypeptides. 

Representative monomeric structures of these transition-stale-analog- 
based inhibito,.. Xaa-boroPro. are e.g., Pro-boroPro and Ala-boroPro. BoroPro 
n=fers to Ute analog of proline in which the carbo.>cylate ffoup (COOH) is replaced 
».th a boronyl group [B(OH)J. Pro-boroP,^. the most thoroughly characterized of 
» Ihesc inhibitors has a Ki of 16 picomolar (pM) (W.G. Gutheil and W W 

Bachovchin. Separation of L-Pro-DL-boroPto into Its Co.„pone„t Diastereomet. 
and Ktnetic Analysis of Their Inhibition of Dipeptidyl Peptidase IV A New 
iVleUtod for the Analysis of Slow. Tight-Binding Inhibition. Blochanis,^ 32 8723 
8731 (1993)). Val-boroProhasevenahigherafRnity.withaKiof 1.6pIVl(WG 
GuU,cil and W.W. Bachovchin. Supra; RX Snow, e, al. Studies on P,.,i„e boronic • 
Acd Dtpeptide Inhibitors of Dipeptidyl Peptidase IV: Identification of a Cyclic 
Spec,esContainingaB.NBond.y.^„,.C/,™.5oc. 116. 10860-10869(1994)) 
Thus, these Xaa-boroPro inhibitors are about 1 0" fold mor. no,.,,, ,u,.. .V. _ . 
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targets between 10'* and 10*' M. 

United States Patent Nos. 4,935,493 (the '493 patent) and 5,462,928 (the 
*928 patent), both of which are incorporated herein by reference, disclose protease 
inhibitors and transition state analogs (the '493 patent) and methods for treating 
5 transplant rejection in a patient, arthritis, or systemic lupus crythematosis (SLE) by 
administering a potent inhibitor of the catalytic activity of soluble amino peptidase 
activity of dipeptidyl peptidase type IV (DP-IV; (G.R. Flentke, et aL Inhibition of 
dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these 
inhibitors to examine the role of DP-IV in T-cell function, PNAS (USA) 88, 1556- 
10 1559 (1991)). 

Until now, most drug discovery and development efforts have been 
directed at the allosteric conformational change-activated class of receptors. Also, 
* the efforts directed at the association-activated class have focused on monomeric 
agents capable of blocking binding of a natural ligand, and therefore blocking 
15 signal transduction mediated by these receptors. 

Cytotoxic drugs have untoward effects since they indiscriminately kill 
all proliferating cells. With the advent of monoclonal antibodies, it is possible to 
increase the specificity of these therapeutic tools. Monoclonal antibodies against 
the T cell receptors, e.g., T-cell receptor, CD4 and CDS co-receptors, and to MHC 
20 class II molecules, have all been evaluated for their respective benefit in 
experimental models for the treatment of autoimmune disease. The major 
impediment to using monoclonal antibodies as a therapeutic tool in humans, is that 
most monoclonal antibodies are made in mice, and humans rapidly develop an 
antibody response to mouse antibodies, which limits their potency because of 
25 neutralization and, worse, produces allergic reactions such as immune complex 
disease. Once this has occurred, all mouse monoclonal antibodies become useless 
in that patient. To avoid this problem, antibodies which are not recognized as 
foreign by the human immune system are currently being made via different ways. 
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One approach is to clone human V regions in.o a phage display library and select 
for bmding to human cells. Using this meUiod, monoclonal antibodies that are 
entirely human in origin can be obtained. Second, mice that lack endogenous 
.mmunoglobulin genes can be made transgenic for human heavy and light chain 
^ 10. using yeast artificial chromosomes. TOrd. one may graft the anUgen-binding 
loops of a mouse monoclonal antibody onto the framework of a human 
immunoglobulin molecule (a process kno^™ as humanization). 

Each of these meUiods produce monoclonal antibodies which are far less 
m,munogcnic in humans than U,c parent mouse monoclonal antibodies, but with 
.0 each methods comes a host of addiUonal problems or road-blocks. For example 
anu,d,01ypic neutralizing antibodies are often produced in patients receiving 
monoclonal antibody therapy. 

Summary o f ihp [p v^pf jn^ 
• . In general, low molecular weight, bivalem or multivalent, synthetic 
1= crosslinking compounds are designed and developed. These synthetic crosslinking 
compounds may act either as agonists or antagonists and induce association 
between naturally occuning receptor, eg., induce the assoeiaUon of one particular 

cell surface receptor, such as CD26. with (a) itsCf or, (b) with another T cell or 
anugen presenting cell surtaee receptor (eg., CD2, CD4, CDS, CD2S CD26 
0 CD44. CD45. CDIO. CD3/TCR (orTCR/CD3». CD40. B7.1 and B7.2. ' 
Tlie low molecular weight, bivalem or mulUvalent. syntheUc 
c^sslmking compounds of thb invention are small enougl, (less than about 30 
ammo acids, and more preferably about 20 amino acids) to obviate the 
miraunogcuicity associated with monoclonal antibodies. 

TT>e bivalent or multivalent, synthetic crosslinking compounds of this 
.nve„„o„ can be administered to a patient without being co-administered with an ' 
adjuvant, ,n contrast, most otl,er peptides, pt^teins and carbohydrate antigens arc 
usually poorly immunogenic, or not immunogenic a. all. when administei^d without 
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adjuvant. 

The compounds of the invention are useful for crosslinking molecules on 
the same or different cells that are involved in immune system modulation. 
Compounds of the invention fall within the following genus: 

5 

(I) [P'(R').]n-L.P'R'] 

wherein P' represents a first targeting moiety, preferably a peptide that 
10 can mimic the substrate binding site of a protease (preferably a serine protease or 
cysteine protease) that is expressed on the surface of the cell involved in immune 
system modulation (e.g., a T cell, a B cell, a stem cell, a bone marrow cell, 
including an antigen presenting cell); 

represents a reactive group that reacts with a functional group in a 
15 reactive center of the protease; 

represents a second targeting moiety, preferably a peptide, that may 
be the same or different from the first targeting moiety; 

represents a second reactive group that may be the same or different 
from the first reactive group; 
20 m == 0 or I and n is a whole number from 1 to 10, and 

L represents a linker molecule (i) having a molecular weight ranging 
from about 100 daltons to about 2000 daltons, (ii) having a length ranging from 
about 20A to about 300 A; and (iii) containing a chain of atoms selected from the 
group consisting of C, O, N, S, and phosphorus atoms, connected by single or by 
25 double bands. Tlius, P' can be D1-A1-'A2-A3-'A4 or D2-A5'-A6-A7'-A8 as 

described below in reference to certain embodiments of the invention. In important 
embodiments of the invention, P' is a peptide or a peptidomimctic- 

In certain embodiments of the invention, if P^P', then R' can be absent, 
the same, or different from R*. In general, n is 1 and the compounds of the 
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mv«.,o„ ^ reteed to as homodimcrs (i.e.. P==p.) or he..rodim.r. (i... p.,p,) 
Cdls which are involved in immune system modulation are Wood-eells 
mclnding T cells. B cells, stem cells, bone maaow cells, dendritic cells, and other 
an.,gcn presenting cells. n,e P- targeting moie.y can have a carboxy, tonninal 
^ port.o„ containing 1, 2. 3. or 4 amino acids which mimic the substt^te binding site 
01 the protease. Exemplary proteases which are believed to be expressed on the 
surface of such cells and which are bound by the P' targeting moieties include post- 
prolyl cleaving enzymes, ttypsin. chymohypsin and elastase. T,. particular an^ino 
actds ,n the naturally occurring substrates of these enzymes arc well known in the 
10 art and are identified below. 

In general, the compounds of the tavention contain from 1 to 30 amino ' 
acd residues (preferably the L isomers) and. more preferably, contain fi.m 1 to 20 
™mo acid residues. In the most prefetred embodiments, the p. targeting moieties 
contatn from 1 to 10 amino acids, most prefet^bly. from 1 to 2 amino acids TTte P- 
> .-gcUng tnoicty can contain L or D amino acids; however, it is p..fe^ ,hat at 
least the antino acids which mimic the substrate bmding site be in the L 
configuration. In contrast, the amino acids which arc in a tctroinvct^io 
«>nfigur.tion (see the Examples) preferably are in the D configur^Uon 

ITc composition of the P' targeting moiety is not limited to amino acids 
but may mclude, in whole or in part, non-amino acid components, provided that 
such components do not imcrf«e significantly (i.e., do not lower ti,e Ki of the 
compound to less than about lO'M with the site-specific recognition of the 
compound by the protease and provided that the non-amino acid components do no. 
.ntcrfere with the formation of a complex between Ute compound andl plas 
n ce„am embodiments, the person of the P' targeUng moiety that is involved in ' 
bm mg to the substrate binding site is fonned of amino acids and the ..maining ' 
poruon ot the l- targeting moiety is fomted of „on-.™i„o acid components in 
genera,, any portion of the p. targeting m„i„, can be .noCned. for camp,:, 
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coupled to a detectable reagent, or immobilized to a surface via a linker, provided 
tliat such modifications satisfy the foregoing inhibition constant and complex 
formation criteria. 

Peptides which reportedly have utility for inhibiting post-prolyl cleaving 

5 enzymes and which, if coupled to a reactive group, form a covalent complex with a 
functional group in the reactive site of a post-prolyl cleaving enzyme are described 
in U.S. Patent No. 4,935,493, "Protease Inhibitors", issued to Bachovchin ct al. 
("Bachovchin '493"); U.S. 5,462,928, "Inhibitors of Dipeptidyl-aminopeptidase 
Type IV", issued to Bachovchin et al. ("Bachovchin '928"); U.S. 5,543,396, 

10 "Proline Phosphonate Derivatives", issued to Powers et al., ("Powers '396"); U.S. 
5,296,604, "Proline Derivatives and Compositions for Their Use as Inhibitors of 
HIV Protease", issued to Hanko et al., ("Hanko '604"); PCT/US92/09845, "Method 
for Making a Prolineboronate Ester", and its U.S. priority applications (USSN 
07/796, 1*4« and 07/936,198), Applicant Boehringer Ingelheim Phannaceuticals, Inc. 

1 5 ("Boehringer"); and PCT/GB94/026 1 5, "DP-I V-Serine Protease Inhibitors", 
Applicant Ferring V.V. ("Fcrring"). 

In important embodiments, the P' targeting moiety mimics tlie substrate 
binding site of the post-prolyl cleaving enzyme DP IV (also referred to herein as 
"CD 26"). DP IV is a post-prolyl cleaving enzyme witli a specificity for removing 

20 Xaa-Pro (where Xaa represents any amino acid) dipeptides from the amino 

terminus of a polypeptide substrate. Representative structures of transition-state 
analog-based inhibitors Xaa-boroPro, include Lys-BoroPro, Pro-BoroPro and Ala- 
BoroPro in which "boroPro" refers to the analog of proline in which the carboxylate 
group (COOH) is replaced with a boronyl group [B(0H)2]. Alternative crosslinking 

25 compounds of the invention have an analogous structure in which the boronyl group 
is replaced by a phosphonate or a fluoroalkylketone (described below). 

The invention also embraces compounds which mimic the substrate 
binding site of other post-prolyl cleaving enzymes. For example, IgA I proteases 
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recognizc tJie cleavafie site Ser-Thr-Pro-Pro-X f where X ■ 

occu™, an^ino acid.. „o« „,y tec having „on-b ! 
such as2-a.,idi„eca« acid o.pipeco,icacid(w,ir:r;:T 



10 

compounds 



In tlie case oflgA 2 protease, Ihcclcava-e site , , 

Pro-Thr-l'ro-X wiih K ^ , ■ *=naiural substrate is 

' ^"^ hydrolysis occurring between Pro -.nH v -ru 
R' bindin. moietv f„r ^- ' ^"^^ " P^^''^"^ P' 

Tl,r can be substuuled by any oflhe naturally oecurrino ami 
oncs.,aving„on.b„.,sidegroups.s„c,,asL;;r 
Pos..pro,y. cieaving e„^„es which can be targ ted bT. ' 

invention ineiude other ,g. enzy.cs. eneephaCi^^^^^^^^^^^ 
degrading en.,„es. and „.„ocin degrading en^^lT ' ^^""^ 
"° The P' targeting moieties of the invention c-in be ,1,. ■ , 

substrate binding sites of o,h '° «'c 

™ on ti. s"re Of ""^''"^ ^= 

example, a P' largetmg moiety of the invention whiel, mimi.. 
substrate bindin a ^f, • ^" *^"icn mimics tiie 

eoinding site oftiypsm would include an argininerAro') nr. • 
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to an appropriate reactive center, to form a covalent bond with a functional 
group in the active site of trypsin. Exemplary borolysine targeting moieties that 
can be used to form the compounds of the invention are described in U.S. Patent 
Nos. 5,1 87,157 and 5,242,904, "Peptide Boronic Acid Inhibitors of Trypsin-Iike 
5 Proteases", issued to Kettner et ah ("Kettner * 157" and Kettner *5,242,904) and in 
U.S. Patent No. 5,288,707, "Borolysine Peptidomimetics", issued to Mettemich 
("Metternich"). Intermediates that are useful for preparing these inhibitors and 
related procedures are described in U.S. 5,250,720, "Intermediates for Preparing 
Peptide Boronic Acid Inhibitors of Trypsin-like Proteases" ("Kettner *720") and 

10 U.S. 5,384,410, "Removal of Boronic Acid Protecting Groups by 
Transesterification" ("Kettner *410"). 

P' targeting moieties also can be designed to mimic the substrate binding 
site ofchymolrypsin. Such targeting moieties include a carboxyl terminal amino 
acid rcsicluc that is selected from the group consisting of phenylalanine (Phc), 

15 tryptophan (Trp), and tyrosine (Tyr). Preferably, the carboxyl groups of these 
amino acids arc covalently coupled to an R' reactive group to form a binding 
moiety that selectively binds to, and forms a covalent complex with, a functional 
group in the active site of chymotrypsin. Yet other P* targeting moieties of the 
invention can be designed which mimic the substrate binding site of an elastase. 

20 For example, a P* targeting moiety which mimics the substrate binding site of an 
elastase would include a carboxyl terminal amino acid residue that is alanine (Ala) 
or glycine (Gly) with the carboxyl group of these amino acids covalently coupled to 
the reactive group R' . In general, conventional chemical reactions can be used to 
fomi the foregoing P*R* binding moieties. Thus, P*R' binding moieties of the 

25 invention can be designed and constructed to mimic the substrate binding site of 
virtually any protease for which the natural substrate is known or can be identified. 

The development of phage display libraries and chemical combinatorial 
libraries from which synthetic compounds can be selected which mimic the 
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subsTate binding of a protease pe™i„ the idenUfication of further p. targetin. 
moietie. to which an R. reactive group can be eovalcntiy attached to for., a binding 
mo,ety which minrics tl,e substrate binding site of U,e protease and which forms a 
complex with a functional group in Ureprotease reactive site. Such libraries can be 
. screened to identi^, „on-natur.lly occurring putaUve targeting .oieties by assaying 
protease cleavage activity in the presence and absence of the putative phage display 
Lbrao, „,olecule or combinatorial library molecule and determining whether tlte 
molecule inhibits cleavage by the protease of its natural substrate or of a substrate 
analog (e.g.. a chromophoric substrate analog which is easily detectable in a 
.0 spectrophotometric assay). Tlrose phage library and/or combinatorial library 

molecules which exhibit inhibition of the protease then can be covalently coupled to 
the rcacfve groups R' disclosed herein and again tested to detennine whether these 

novel molecules selectively bind to theprotease(e.,.byrepeati„gtheabove.note 
scree„mg...ay). I„ u,is mam,er, a simple, high-through-put screening assay is 

> Provded for identifying no„-„atural,y occurring targeting moieties of U.e invention 

In general, the Brst targeting moieUes of the invention are covalemly 

eoupled Via a carbox.,1 group at U,cir carb„.xyl terminal amino acid to a first r^eUve 

S^up. R . AS used herein. R. refer, to a .active group that is capable of reacting 

w^^- '-ttonal group in a reactive center of a protease expressed on the surface of 

a e n mvolved m immune system modulation. By reacting with a reactive center of 

U.e target protease, it is meant that the R' forms a covalent bond witl, a funcUonal 

^.up that is located in U,e achve site. R. reactive groups that are embraced within 

mventron include the rcacfve groups refer^d to as group 'T" in US 4 935 493 

-tease Inhibitors^issuedtoBachovchin. etal. ^escincludeboronat , 
Pbosphonate groups, and fluoroalkyllcetone groups. TTre boronate groups 1 ' 
described in the detailed description of the invention and in the Examples r,o ' 
Phosphonate and fluoroalicyllcetone groups are described below. ,n general i, . 

pn=ferredthat.heli„^gcbetween.hccarboxy,terminusof,hetarge.ingm;i;ar,d 
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the reactive group be in an L configuration. It is preferred that the reactive group 
forms a covalent band with a functional group in the active site; however, there is 
no requirement for covalent bond formation in order to form a complex between the 
binding moiety and the active site. 
5 The reactive groups of the invention that are phosphonate groups have 

the formula: 

O 

II 

-C-CF2-G 

10 where G is cither H, F or an alkyl group containing 1 to about 20 carbon atoms and 
optional hetcroatoms which can beN, S, or O. Additional exemplary proline 
phosphonate derivatives which contain a perfluoroalkyl group, a phenyl group or a 
substituted phenyl group and which can be used in accordance with the methods of 
the invention are those described in U. S. 5,543,396 (Powers *396). 

15 As used herein, the reactive groups of the invention that are 

fluoroalkylketone reactive groups have the formula: 

O 

-P-J 

20 I 

J-0 

where each J, independently, is 0-aIkyl, N-alkyI, or alkyl (each containing about 1- 
20 carbon atoms) and, optionally, hetcroatoms which can be n=N, S, or O. Other 
ketoamides, kctoacids and kctocstcrs that arc useful reactive groups for reacting 

25 with the reactive center of a protease (e.g., a serine protease or a cysteine protease) 
are described in PCT/US9 1/09801, "Peptides, Ketoamides, Ketoacids, and 
Ketoesters", Applicant: Georgia Tech Research Corp. ("GA Tech") which claims 
priority to U.S. 635,287, filed Dec. 28, 1990. 

In certain embodiments, the reactive groups are selected froni the groups 

30 ' having the formulas, 
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- C - C - NHj, an alphaketo amide; 

^ 0 0 

I I 

- C - C - OR, where R is an alkyl. or aryl group 
and may be substituted or unsubstituted. an alphaketo ester; and 

0 0 

1 1 

- C - C - OH, an alphaketo acid. 

Tl,c reactive groups of the inveneion also inelude the reaetive groups 
described in PCT/GB94/026,5, "DP-IV-Serinc Protease Inhibitors" (Ferring) 
TOese tndude the above-noted boronyl groups [B(OHU, as well as pyrroiidides 
» and a. following reactive groups, any of which may be substituted or unsubstituted 
provtded that the subsUtution docs no. advct^ely affect the functional activity of the 
rcacuvc gr^up or the binding ntoicy to which it is attached: CN, CC CHO and 
CH=NPh. wherein Ph rcfct. ,o phenyl. Itee examples are il,ustr..ivl only and are 
not .mended to litnit the scope of the invention. As noted in Ferring. compounds 
contatning these representaUvc reactive groups can be prepared by an adaptation of 
e genial route described by E. Schon et al.. Biol. Chem. Hoppc-Seyler:372..305. 
31 1 (1991) and by W.W. Bachovchin et al.. J. Biol. Che,„. 265:3738-3743 (1990) 
(See, also, the above-referenced Bachovchin United States patents. 

'"■"'==™^'^«<='»S"'°!«y.P=. binds to a molecule that is present on 
.he sur ace of the same or different cell to which *e firs, u^geting moiety binds 
P-ferably, the second targeting moiety binds to a molecule (e.g.. a receptor a 
-jor htstocompatibility complex (MHC) molecule) which is pt^ent on aJsurface 
ofa T cell or on the surface ofa Been. In certain embodiments. U,csceond 
UTgetrng moiety has a structure which mimics the substrate binding sitcof a 
protease that is present on a cell that is involved in hnmune system modulation 
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Thus, the second targeting moiety imy be the same as the first targeting moiety, and 
the compounds of the invention are useful for crosslinking proteases that have the 
same or a similar substrate specificity on the same or different cells. For example, 
the compounds of the invention can be used to crosslink a first protease (e.g., a 
5 post-prolyl cleaving enzyme) on a first cell and a different protease (e.g., a trypsin, 
chymotrypsin, elastase or other serine protease or cysteine protease) that is 
expressed on the surface of the same or on a different second cell. In certain 
preferred embodiments, the first and second targeting moieties are identical (i.e., 
p2=pi) and the second reactive group may be absent (i.e., m=0), the same or 

10 different from the first reactive group R' (i.e., RV R'). Compounds which include 
identical P* and groups and identical R" and R' groups arc referred to as 
"homodimers". In yet other embodiments, the first and second targeting moieties 
are different and these compounds are referred to as "heterodimers". 

" ^ In ycl other embodiments, the second targeting moicly is an antigen that 

15 selectively binds to an MHC molecule on the surface of an antigen presenting cell. 
Such embodiments of the invention are useftil as vaccines for inducing an immune 
system response to the antigen. In particular, such compounds are useful for 
inducing an immune system response to antigens that exhibit relatively low 
immunogenicity using conventional vaccine preparations. Accordingly, tlie 

20 invention also provides for an improved vaccine and related methods for inducing 
an immune response to an antigen. Examples of antigens are antigens characteristic 
of pathogens, cancer antigens, and allergens. 

Antigens that are characteristic of autoimmune disease typically will be 
derived from the cell surface, cytoplasm, nucleus, mitochondria and the like of 

25 mammalian tissues. Examples include antigens characteristic of uveitis (e.g. S 
antigen), diabetes mellitus, multiple sclerosis, systemic lupus erythematosus, 
Hashimoto's thyroiditis, myasthenia gravis, primary myxoedema, thyrotoxicosis, 
rheumatoid arthritis, pernicious anemia, Addison's disease, scleroderma. 
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pomp >,so,d. ophU,.,.i, phacceni, . 

— «'^o»bo...op.^^ 

^m.osis. po,y/<,.™.,o.,„s.-Us. a.d discoid ,„p. 
Additional examples are provided below 

Pha™.c..ca, sciences, A„c.,e„. i„c,.d= a„.i,e„. derived p„„.^ 

no,d. .po,c.. dander,... and food.. Specinoe.a.p,e.i„c,udel :^^^^^^^^ 
^e«.ad.,ica.ec,.0U..ep.^^^^^^^^^^ 

PO.on .V,, po.on oa. and poison s„.ae. and .he ses<,nae,cnoid lactones of 
" ~»''-'-dp,an..AddiUona,exa™p,osa.p.ovidedbe<ow 

^""S'»='^-*-«eristic of .nmor antigens .ypioaliywil, be 
dcnvcd fro. *e cei, surface, cytopiasn,. nuCeus. organCes and U^e of ells f 
tumor .issue. Examples include an<igens charae.eris,ic of tumor 
proteins encoded by mutated oncogenes- vira, prot '"^'""-8 

» ^^ormucinsandgiycoiipids. r:^::^:^:^:: T 

-ronowingsitesofcancerandtypesofcance ; 

-ca...esopbagus.s.omacb,co,o„,.e.„nOi.^^^^^^^^^^ 

pancreas. latyn.. ,ung and b^nchus. melanoma of skin, breast ce.i. uTe^r, 

ovao-. bladder, .idney. b.i„ and otber parts of tbe nervous sys^™" M 

prostate, testes. Hodgkin's disease. „on-Hodoki„.,, u ^ 
and leukemia Viral nm,.- "V^'o^a 
. kemta. Vtral protems associated wiu, tumors would be those from .1,= 

Classes ofvlruscs noted above. Antigens characteristic of tumot^I y bT • 

---Vc.pressedbyatumorprect,r.,oreell.ormaybcapror:"^^^^^^^^^ 



.17- 

normally expressed in a tumor precursor cell, but having a mutation characteristic 
of a tumor. An antigen characteristic of a tumor may be a mutant variant of the 
normal protein having an altered activity or subcellular distribution. Mutations of 
genes giving rise to tumor antigens, in addition to those specified above, may be in 
5 the coding region, 5' or 3' noncoding regions, or introns of a gene, and may be the 
result of point mutations, framcshifts, deletions, additions, duplications, 
chromosomal rearrangements and the like. One of ordinary skill in the art is 
familiar with the broad variety of alterations to normal gene structure and 
expression which gives rise to tumor antigens. Specific examples of tumor antigens 

10 include: proteins such as Ig-idiotype of B cell lymphoma, mutant cyclin-dependcnt 
kinase 4 of melanoma, Pmel-17 (gplOO) of melanoma, MART-1 (Melan-A) of 
melanoma, pi 5 protein of melanoma, tyrosinase of melanoma, MAGE 1, 2 and 3 of 
melanoma, thyroid medullary, small cell lung cancer, colon and/or bronchial 
squanious^cell cancer, BAGE of bladder, melanoma, breast, and squamous cell 

15 carcinoma, gp75 of melanoma, oncofetal antigen of melanoma; carbohydratc/lipids 
such as mucl mucin of breast, pancreas, and ovarian cancer, GM2 and GD2 
gangliosides of melanoma; oncogenes such as mutant p53 of carcinoma, mutant ras 
of colon cancer and VlERrllncu proto-oncogcnc of breast carcinoma; viral products 
such as human papilloma virus proteins of squamous cell cancers of cervix and 

20 esophagus. It is also contemplated that proteinaceous tumor antigens may be 
presented by HLA molecules as specific peptides derived from the whole protein. 
Metabolic processing of proteins to yield antigenic peptides is well known in the 
art; for example see U.S. patent 5,342,774 (Boon et al.). 

Preferred tumor antigens of the invention include tlie Melonoma tumor 

25 antigens (e.g., MAGE protein family (MAGE-1, MAGE-2, MAGE-3); MART-1 
(peptide 27-35); and gplOO); and the Colon carcinoma antigens (e.g., peptides of 
the mutated APC gene product). Particularly preferred Melanoma tumor antigen 
sequences are those reported by Slingluff ct al., in Curr. Opin. in Immunol. 6:733- 
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^"=^^«'^P™'-&n."y='-ropo„cdly has b=o„ associated with 
.i.™ one ..pe „rca.i„o„.: MAGE-, (Meiano^a. U,,„id .eduljl, 

squamous. and *,™id .edu,,a^ j^;"' 

- -un. .,o„, .™ s,..„„s and ...d ^ f " 

aUo.MoHo.a,eU,..AD«(C,n.AspWn..^^^^^^^^^ 
fro» Hnn,an Meianca Is R„o«„i.d by OX i„ Melanoma Pa ien^l TZ ] 
153-5650 nQOA\ r jj- • ^ ""^"^ , J- iinniunoJ. 

^JOOiU (1994), for addiuonaltumorantiseiis fee PIA r 
M A m x>r A r,^ ^ Connexin 37, MAGE-I 

-»z::~:;r:;;,:T-"'*'™"' 

(1994^^. °^^°^n5endetal.,in Nature 371:662 
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1398 Ibp del DSFE/SVRLPAPFRVNHAVEW 13 

1420 Ibp del IISPA^IFQIALDKPCHQAEVKHLHHLLK 

QLKPSEKYLKIKHLLLKRERVDLSKLQ 14 

1439 Ibp del RSKT/LHHLLKQLKPSEKYLKIKHLL 15 

5 LKRERVDLSKLQ 

1446 lObpdel PPQT/GEKYLKIKHLLLKRERVDLSKLQ 16 

1488 Ibp del DADTrfYILPRKVLQMDFLVHPA 17 

1490 Ibp del DTLL/LLPRKYLQMDELVHPA 18 

1493 1 Ibp del LHFA/SRWIFLFIQPECSEPR 19 



10 In alternative embodiments, the second targeting moiety is a ligand that 

selectively binds to a receptor that is expressed on the surface of a cell (preferably 
a T cell or a B cell). Exemplary receptors which have naturally occurring ligands 
that can be mimicked by the second targeting moieties of the invention include 
receptors selected from the following group: CD2, TCR/C3, CD4, CDS, CD 10, 

15 CD26, CD28, CD40, CD44, CD45, B7J and B7.2. According to yet other 

embodiments, the second targeting moiety is an antibody or antibody fragment that 
selectively binds to an epitope expressed on the cell surface. The epitope can be a 
portion of any of the foregoing receptors. 

Regardless of the nature of the second targeting moiety target (e.g., 

20 protease, receptor, MHC complex, epitope), phage display and other types of 
combinatorial libraries can be screened in a manner analogous to that described 
above to identify non-naturally occurring targeting moieties that are useful in 
forming the compounds of the invention. 

There is no requirement that the second targeting moiety be covalently 

25 attached to a second reactive group. For example, the second targeting moiety may 
have sufficient affinity for its binding partner (e.g., an MI-IC molecule) to permit 
cross linking between the same or different target molecules on the same or 
different cells without forming a covalent complex between the second targeting 
moiety and its targeted binding partner. There also is no requirement that the 

30 second reactive group be the same as the first reactive group. Thus, for example. 
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tte compound, of .he mvcMion embrac. molecules U,a. include a first binding 
mo.c>y which contains a Rrsi tcacive group R' to i, a boron.tc and a second 
bmdmg moiety which contains a second reactive group that is a boronate, a 
phosphonatc or a trifluoroalkylketone group. 

3 ^ ^""''"'"''^'^'•'^""Pl'd'ol.^fctandsecondtargetingmoieaes 
and P-. ,n a manner that does not adversely affect the abilit,- of these moieties to' 
b.nd to their respective targeted binding partne,.. Exemplary linlcers, including a 
description of linker composition, size, and procedures for coupling the linker to the 
targettngmoieties are described in the detailed description of the invenUon and in 
.0 the Examples. In general, such linkers arc commercially available and are coupled 
.0 the targeting moieties using convcnUonal coupling procedures which are well ' 
known to those of ordinary skill in Uie art. 

Certain aspects and uses of the invention arc based on the discovery that 
ccrtam Komodimers are capable of stimulating T cells and that this stimulatory 
■5 abthty ts. at least in part, dependent upon the length of the linker. In addition 
Apphcant has discovered that tltere exists a length between binding moieties (about 
20 angstroms) below which this homodimer is no longer capable of stimulating T 
cells. Th,s ability of any type of homodimer for crosslinking DP IV proteases to 
simulate T ceils is unexpected in view of published reports that such DP IV 
homodimers exhibit a T cell inhibitoty activity. (Sec. eg.. PCT/GB94/0261 5 "DP- 
IV-Serine Protease Inhibitors". Applicant Fen-ing V.V. ("Ferring") and the US 
palent application which clain« priority to Ferring). Fc,r,ng describes ceriain ' 
.ymtnetric homodimcrs containing two active-site directed inhibitot. of DP-IV 
■■nked via the side chains of their amino acid residues. n,us. the invention provides 
a new use for the homodimer DP-IV inhibitor disclosed in Ferring. namely, the use 
of (he Ferrtng homod.mers for stinrulating T cells in a patiem in need of such 
Ireatmcnt. 

Certain concentrations of the homodimers of the invention have been 
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found to stimulate blood cells. Thus, compounds of the invention are particularly 
useful for treating HIV+ patients, for example, by contacting the T cells obtained 
from an HIV+ patient with a therapeutically effective amount of one or more 
compounds of the invention under conditions that permit blood cell activation. The 

5 stimulatory effect on T-cells of these compounds at stimulating concentrations is 
illustrated in the accompanying Examples. Tlie cells can be contacted with the 
crosslinking compounds in vivo or ex vivo. This stimulator^' property of the 
homodimer compounds of the invention is unexpected and could not have been 
predicted based upon the reported inhibitory effect on the immune system of certain 

10 monomers (e.g., the compounds disclosed in Bachovchin '493) and certain 
homodimers (e.g., PCT/GB94/02615, "DP-IV-Serine Protease Inhibitors", 
Applicant Ferring V.V. ("Ferring"). 

The compounds of the invention can be used to inhibit the enzymatic 
activity of the proteases to which the targeting moieties selectively bind. Thus, the 

1 5 compounds of the invention are useful for inhibiting post-prolyl cleaving enzymes, 
as well as for inhibiting other serine and cysteine proteases (e.g., chymotrypsin, 

trypsin, and elastase). 

According to another aspect of the invention, methods arc provided for 
modulating immune system function. Tlic compounds of the invention are 

20 administered to subjects in need of immune system modulation in amounts effective 
to modulate immune system function. Modulation of immune system function 
includes, but is not limited to, increasing immune function such as by stimulating 
proliferation and specific immune function of blood cells nonspecifically or by 
specifically stimulating T and/or B cells and/or bone marrow cells, stem cells, early 

25 lineage progenitor cells to produce a prophylactic or therapeutic result relating to 
infectious disease, cancer, and the like. Specifically included is the use of the 
compounds of the invention, and in particular, homodimers and/or heterodimers for 
the treatment of disorders characterized by reduced T cell levels in v/vo, e.g., HIV 
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and oaer disorder a.sooiat.d wiU, a comp« inunune sy.,.n,. Modulation of 
.mmune 3y«cm function also inciudas. but is no. United to, deoreasins inunune 
function sucl, as by supprc^ing generally the i,n,nunc system in transplant 
recipients or suppressing specifically the i,„n,une systcn, to treat autoimmune 
. disease, allergy and flte like. In one important embodiment the homodimet. and/or 
helerodimers of the invention are used ,o stimulate blood ceil proliferation as 
described in detail below. Specific conditions that may be treated aceordin'. to Ute 
.nvent,on are deemed specific independent aspects of U>e invention and are" 
described in detail in the tables and examples below. 
'» According to yet another aspect of the invention, a method for 

«nnulating T ceils is provided. A erosslinking compound of the invention is 
contacted wiU, the T ceiis of a subject in need of such treatment in an amount 
cfrective ,0 stimulate T ceils. Ue erossiinking compounds that ate particularly 
uselul for.s,imulating T cells are those compounds which crosslink DP IV 

> ^'-'--''-^edabove.includh.g.heprefen^crosslinkingeompounds. As 
noted above. Ute p.fen^ crosslinking compounds inciude a linker. L which when 
postnoned between binding moieUes t^ults in a minimum length of about 20 
angstroms between these moieties. Preferably, the distance between binding 
moieties is from 20 to 60 angsu-oms. more prefembly from 30 to 50 angstroms 

According to still anomcr aspect of the invention. phannaceuUcal 
P^pamtioits a.p„vided. Tltc p,u.„aceu,ica, p^panitions contain a erossiinking 
compound as described above and, optionally, a phamtaecutieally-aceeptable 
earner. P-ferably. the pharmaceutical compositions a,, sterile. TT.etenn 
•■Pharmaceuticaily-aeceptable carter" as used he.in means one or more compatible 
SOU, or li^uid filler, diluents or encapsulating substances which are suitable L 
admintstration into a human or other anima,. ^e term "carrier" denotes an organic ' 
or .norganie ingredient, natural or synUtelie. with which the active ingtedient is 
combined to n.ei,i,ate the application. The eompor .-nts of the pha^accutica, 
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compositions also are capable of being co-mingled with the molecules of the 
present invention, and with each otlier, in a manner such that there is no interaction 
which would substantially impair the desired pharmaceutical efficacy. 

According to yet another aspect of the invention, a hetero bivalent 
5 compound, having the structure as shown in Fig. 1 A, wherein each component of 
the structure is as defined in Example 2 in reference to this figure, is provided. 

An embodiment of this compound is wherein the structures shown in 
Fig. lU and Fig. IV represent, independently, a binding moiety, wherein R 
represents the remainder of the molecule. 

10 By definition, the linker molecule must be capable of linking atom Al of 

the binding moiety on the left of Fig. 1 A to atom A5 of the binding moiety on the 
right of Fig. lA. 

Other embodiments of this compound include: there are 4 atoms 
positioned between the group consisting of Dl and D2 and B of the binding moiety; 

15 the binding moiety is in an L-configuration; Yl, Y2, Y3, and Y4 are hydroxyl 
groups; the A4 bonded to the B is in the L-con figuration and the A5 bonded to the 
B is in the L-configuration; the binding moiety is an L-amino acid residue 
conjugated to B, a boron molecule; the binding moiety is selected from the group 
consisting of L-Lys-L-boroPro and a derivative of L-Lys-L-boroPro. 

20 Another embodiment of this compound is wherein the linker molecule 

contains a functional group selected from the group consisting of a carboxylatc 
group, an amino group, a sulfhydryl group, an imidazole group, an alkene group (a 
carbon atom double bonded to another carbon atom), an acyl halogen group, e.g., an 
acylchloride, and CI-LX, wherein X represents a halogen (c.g, the two binding 

25 moieties are linked when a nucleophilic group displaces the halogen from the 
functional group of the CH2X linker molecule); wherein the linker molecule is 
further defined as having the structure as shown in Fig. IT and wherein [G] 
contains atoms selected from the group consisting of a carbon, nitrogen, oxygen. 
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hydrogen and a sulfur atom; ,J, i. .elected from the group consfetog of a CH 
molecule. , chain of carbon aton.. a chain of nitrogen atoms, and a chain „f o' 
atoms; and m. p, and q reptesent an integer from I to 50, inclusive; wherein IGl 
preferably is an R group selected from the group eonsistmg of L-amino acid 
^ rcs-ducs selected from ,hc group consisting of lysine, cysteine, glutamic acid 
aspamc acid, histidine. arginine. glutamine. and asparagine and D-amino acid 
.es,dues selected f^m the group consisting of lysine, cysteine, glutamic acid 
aspamc acid, histidine. arginmc, glutamine, and asparagine; wherein the linklr 
molecule preferably is selected fr.m the group consisting of hexanedioie acid 
.0 (adipic acid), EGS. 1,4-diaminobutanc. M-dithiobutane, dithiothreitol. lysine 

cysteine, glutamic acid, aspartic acid, histidine, arginine, glutamine, and asparagine- 
wherem the linker molecule preferably contains at least two amino groups when the' 
b.ndmg mo,cties contain glutamic acid residues; wherein the linlcer molecule ' 
prefen.bly contains a. least two amino groups when the binding moieties contain 
asparttc acid residues; wherein the linker molecule preferably contains at least two 
-Khydo-l groups when the binding moieties contain cysteine «sidues; and wherein 
die hnker molecule length ranges from about 30 A to about 100 A 

^""'^^^P^'ofl-i^invendonlsacompoundhavingthestructur^as 

. rrr^- ^'"•«- - saving 

structure ,s defined m Example 2 in reference to this Figure. 

An embodiment of the compound whe,. only Al. A2, A3, and A4 
appearmboth binding moieties, is thes.ruc.ures shown in Fig. lUandFig ,V 
wluch represen.. independently, a binding moiety, wherein R represents the 
remainder of the molecule. 

/"°*--P'=«»f*-"ventionisacompoundhavingthestruc.ureas ' 
i.ow„ m fi,. 3A, Wherein each componen. of .he s.rue.ure is defined in ^rple 
4 m reference to this Figure. ■ ^-^ample 
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An embodiment of this compound includes the structures shown in Figs. 
lU and IV which represent, independently, a binding moiety, wherein R represents 
the remainder of the molecule. 

Other embodiments of this compound include: tliere are 4 atoms 
5 positioned between D and B of the binding moiety; the binding moiety is in an L- 
con figuration; YI and Y2 are hydroxy! groups; the A4 bonded to the B is in the L- 
con figuration; the binding moiety is an L-amino acid residue conjugated to B, a 
boron molecule; and the binding moiety is selected from the group consisting of L- 
Lys-L-boroPro and a derivative of L-Lys-L-boroPro. 

10 Additional embodiments of this compound is the linker molecule which 

includes: a functional group selected from the group consisting of a carboxylate 
group, an amino group, a sulfliydryl group, an imidazole group, an alkene group, an 
acyl halogen group, and CH2X, wherein X represents a halogen; the linker molecule 
which is 'further defined as having the structure shown in Fig. IT, wherein fG] 

15 contains atoms selected from the group consisting of a carbon, nitrogen, oxygen, 
hydrogen and a sulfur atom; [J] is selected from the group consisting of a CHo 
molecule, a chain of carbon atoms, a chain of nitrogen atoms, and a chain of oxygen 
atoms; and m, p, and q represent an integer from 1 to 50, inclusive; wherein [G] 
preferably is an R group selected from the group consisting of L-amino acid 

20 residues selected from the group consisting of lysine, cysteine, glutamic acid, 
aspartic acid, histidine, arginine, glutamine, and asparagine and D-amino acid 
residues selected from the group consisting of lysine, cysteine, glutamic acid, 
aspartic acid, histidine, arginine, glutamine, and asparagine; wherein the linker 
molecule preferably is selected from the group consisting of adipic acid, between 2 

25 and 15 consecutive amino acid residues, 1,4-diaminobutane, 1,4-dithiobutane, and 
dithiothreitol; and wherein the linker molecule span ranges from about 30 A to 
about 100 A. 

Yet another embodiment of this compound is peptides ranging from 
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aboue7.„25ami„oacid=;whe,eine»mpl^pepUdeincludc.- a) Myelin 
pro>c„,ipid.pro.cin peptide; b) Mod, cytochrome C peptide; e) tetanu. ,oxi„ 
peptide; d) HIV-, GP ,20 peptide; e) .yelin ba.ie protein pepUde; Q .„„o, 
am.ge„ic peptides, and g) antigenic peptide, of infectious agents. P,efe.b,y the 
= Myebn proteoiipid protein peptide includes hun,an and ™ouse peptide selected 
from U,e group consisUng of PLP peptide from .l,e region of 85-159 and in 

.90-209. the Mod, cytochrome Cpeptide is peptide MCC 94-103; the myelin basic 

^^P consisting of tetanus toxoid peptide and P2 tetanus toxoid peptide; and the 
.-^.-antigenic peptides and antigenic peptides of infectious agents are deseHbed 
elsewhere in Uie application. 

Another embodiment of this compound is where the naturally occurring 

n.ceptorhaBeellorTcellsurface:eceptor;andd,ecellsurfacereceptoris 
' -Icccd from the group consisting of TCR/C3. CD2. CD4. CDS, CDl 0 CD26 
CD28, CD44. CD45. CD40, B7. 1 and B7.2. 

^""'"--P'^ofa-tsinventionisncompoundhavingthestructureas 
^.own m Fig. IR, wherein each component of Ute stmcture is as defined in 
Exaniiilc 3 in reference to this Figure. 

^■'^''"'""■'-'"f'Ws compound includes the stntctures as shown in 
i'... . U an Fig. ,V wl.ch represenUndependently. „,,,,^_ 

represents U,e remainder of the molecule. 

^"""'^""■^''^'-"■of-'c compound shown in Fig. IR is Wherein (a) 
lOL s the stde Chain of a D- or L-isomer of lysine, cysteine, glutamic acid aspal 
c,d, h.s„U,„c. arginine, glutamine, and asparagine; (b, K2 is O- or L- isomlr f 
iy^me. cysteine, glutamic acid, aspartic acid, histidine. arginine. glutamine and 
a^paragine; (c, and E, ^ selected t^m dte group consisti„gL„ al 'n 
motety and a carboxylic aeid moiety; and (d, EI and E3 are dLstinct from each 
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other. 

Yet another embodiment of the compound shown in Fig. IR is wherein 
(a) [G],„ is the side chain of a D- or L- isomer of lysine, cysteine, glutamic acid, 
aspartic acid, histidine, arginine, glutamine, and asparaginc; (b) E2 is selected from 

5 the group consisting of 2-carboxybutyl, 2-carboxypropyl, 2-aminobutyl, 2- 

aminopropyl, and a hydrocarbon chain with an amino or carboxy side chain; (c) [JJp 
and [I]q represent, independently, hydrocarbon chains; (d) El and E3 are selected 
from the group consisting of an amino moiety and a carboxylic acid moiety; and (e) 
El and E3 are distinct from each other. 

10 The compounds of the invention, in particular the homodimeric 

complexes, can be used to stimulate activation or proliferation of human CD26- 
bearing lymphocytes, by contacting the lymphocytes with a proliferation or 
activation-inducing concentration of the compound, 

' - The method preferably involves m vivo administration of the compound, 

15 admixed with a pharmaceutical ly acceptable carrier such as pharmaceutical, sterile 
saline. The patient can be any patient who suffers from a disease state 
characterized by inadequate lymphocyte activation or concentration. Examples of 
such diseases are HIV infection, kidney failure, cancer (in particular, cancer 
accompanied by lymphocyte-depleting chemotherapy), and bone marrow disorders 

20 which result in depleted lymphocyte populations in the patient. The compound is 
preferably administered to the patient orally. The compounds can also be used to 
stimulate proliferation or activation of lymphocytes in vitro, e.g., where a patient's 
autologous lymphocytes are removed, stimulated to increase activation and/or 
number of lymphocytes, and reinfused into the patient, Tliis method can be used, 

25 for example, to increase the number of cytolytic T cells specific for a patient's 
tumor or T cells in HIV infected patients. 

As used herein, crosslinking compound means the compounds described 
above as well as salts thereof 
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Thcse and other aspects of the invention will be described in greater 
detail below. 

All patents, patent application., referenees and o^er documents tl,at arc 
.dcnttficd in .l,is patent application arc incotpotated in their entirety l,erein by 
5 reference. 

Definitions 

By "amino acid" is meant to include imino acid. 
By "boroPro" is meant an alpha-amino boronic acid analog of proline 
bonded to an amino acid to form a dipeptide with boroPro as the C-terminal 
.0 residue. "BoroPro" is used to designate such an analog having the carbo.yl group 
of prohne replaced with a B(OH), group, where (OH), represents two hydroxyl 
groups and B represents boron. 

By Xaa is meant any amino acid residue, e.g.. a lysine residue 
• ^ Also, for tl.is invention. "[Lysine-boroProlineJ," and "KbP-S-KbP 
3 Where S represents a linker spacer" are used interchangeably. "Dimeric KbP lith 
ad^P^cacidas the spacer linker.""fdi(L.Lysine-L-boroProline>^^^^^^^^ 
Ad^pate" are used interchangeably. Dimeric and bivalent are used interchangeabi; 

Lmker-spacer molecule, cross-linker, cross-linker molecule linker 
niolecule and linker group are used interchangeably. 

By "agonist" is meant a molecule or compound which activates the 
signaling pathway in question. 

By -antagonisr is meant a molecule or compound which inhibits the 
signalmgpatliway in question. 

"'''>^' liS^d-isanyprotein. glycoprotein, lipop,.tei„ orpolypepUde 
.hntb.dstothcTce„receptorCD25andmayprovidcastim„,ato,.orinhib^ 

CD26, Dipeptidyl Peptidase IV (DP IV) and dipeptidyl aminopeptida^e 
arc used .n.erehangeaWy. CD26 is a pos.prolinc eleaving enzyme with a 
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specificity for removing Xaa-Pro (where Xaa represents any amino acid) dipeptides 
from the amino terminus of polypeptides. 

"CD26-specific binding species" means a CD26-specific antibody, 
fragment or small molecular weight compound that binds to CD26. 
5 "Tethered or coupled a-amino acid" is an a-amino acid with a carbon 

atom of its side chain tethered, linked or coupled to tlie N atom of the a-amino 
group. 

By alpha-carbon of an amino acid is tlic one to which tlic carboxylic acid 
group is attached. 

,0 By alpha-amino acids is where the amino group is attached to the alpha- 

carbon. All naturally occurring amino acids arc alpha-amino acids or alpha-imino, 
which means that the amino and carboxylic acid groups are both attached to the 
• same carbon atom. Each amino acid can be thought of as a single carbon atom (the 
alpha carbon, C) to which there is attached one carboxyl group, one amino group, a 

15 side chain denoted R as shown below and a hydrogen. 



20 



H OH 



H,N - C - C = 0 



R 



Wherein: "R" is a side chain; "NH," is the alpha amino group; tlic first carbon (C) 
attached to the NH2 group having a hydrogen (H) and an R group attached is the 
alpha carbon; and the carbon double bonded to an oxygen and a hydroxyl group 
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(OH) is the alpha carboxyj group. 

The NH, and COOH groups are used to oomect amino acids to one 
mother. Tl>e hydroxy! group (OH) of one amino acid on a,e c^boxyi end and the 
hydrogen (H) on .he N tenninus are removed (H,0) when two amino acids are 
s hnlced together. To form a p^tein. the amino group ofone amino acid reacts with 
the carboxyl group of another by the elimination of water; the resulting chemicaj 
bond IS called a peptide bond. 

By "peptides" is meant a small moleeule. e.g.. usually containing less 
.an 50 amino aeid residues, which do not generally possess a well-defmed three- 

10 dimensional structure. 

ByAor-Anstrom-ismeant lO-M. The relative bond size used in 
different peptides is as follows: N-H- 1 0 A- r h- i i A ^ , . 

. . i .U A, C-H. 1 . 1 A; C double bonded to 0: 

I.2A:N-C0: i.3A:C-0- 1 4 A- C r- i <: A. a i • 

i.4A,C-C. 1.5A:Alanmc:6A;Ben2ene:6A- 
water: 4 'A; and Phenylalanine: 7 A. 

Phan.:aceutieal preparations and modes of administration are described 

herein. 



15 



^^'^^^^-^"--''^^vantaeesofthe invention Will be apparent from the 
followmg detailed description, and from the claims. 

Brief Description of the Drawings 
Figs. lA-l V are diagrams showing Uie general Structures of several 
prefe^ed homobivalent and homomultivalent compounds or are diagrams of 
components needed for these structures: 

Pig. I A is a diag:^ of a general bivalent template with non-identical 
omdmg moieties. 

Fig. I B is a diagram of a general homobivalent template. 

Fig. ^Cisadiagramofagenen:lbivalenttemplatewithaminolinkages 
using a dicarbonyl linker. ""^agcs 
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Fig. ID is a diagram of a bivalent example with amino linkages using an 
adipoyl linker. 

Fig. IE is a diagram of a homobivalent example with amino linkages 
using an adipoyl linker [(Lysine-boroPro)2Adipate]. 
5 Fig. IF is a diagram of another homobivalent example with amino 

linkages using an adipoyl linker. 

Fig. IG is a diagram of a general bivalent template with a carboxyl 
linkage using a diamino linker. 

Fig. IH is a diagram of a bivalent example with carboxyl linkages using 
10 a 1,4-Diaminobutanc linker. 

Fig. II is a diagram of a bivalent example with carboxyl linkages using a 
1 ,4-Diaminobutane linker [(Aspartyl-boroProIine)2l,4-Diaminobutane]. 

Fig. 1 J is a diagram of another bivalent example with carboxyl linkages 
using a 1,4-Diaminobutane linker. 
15 Fig. IK is a diagram of a general bivalent template with disulfide 

linkages using a dithiol linker. 

Fig. IL is a diagram of a bivalent example with disulfide linkages using 
a 1,4-Dithiobutanc linker. 

Fig. IM is a diagram of another bivalent example with disulfide linkages 
20 using a 1,4-Dithiobutanc linker. 

Fig. IN is a diagram of anotlier bivalent example with disulfide linkages 
using a dithiothrcitol linker [(Cysteine-boroProIinc)2dithiotheitol]. 

Fig. 10 is a diagram of a general bivalent template with imidazole 
linkages using a dicarbonyl linker. 
25 Fig. IP is a diagram of another bivalent example with imidazole linkages 

using a dicarbonyl linker. 

Fig, IQ is a diagram of a bivalent example with imidazole linkages 
using an adipoyl linker: (Histidinc-boroProIine)2Adipate. 
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Fig. IR is a diagram of a general homofunctional polymeric crossJinker 

template. 

Fig. IS is a diagram of a homotrimeric example using adipoyl linkei^. 
Fig. IT is a diagram of a linker molecule template. 
Fig. lU is a diagram of a binding moiety containing Al, A2, A3, and 



A4. 



A8. 



Fig. IV is a diagram of a binding moiety containing A5, A6, A7, and 



Figs. 2A-2C are diagrams showing the general formula of several 
JO preferred hcterobivalent compounds: 

Fig. 2 A is a diagram of a general helerobivalcnt template. 
Fig. 2B is a diagram of a hcterobivalent example coupling a binding 
moicty to an MCC peptide (94-1 03), 

* • Fig. 2C is a diagram of a hcterobivalent example coupling a binding 
5 mojcty to a PLP peptide (139-151). 

Fig. 3 is a diagram showing the synthesis of adipoyl (Lys-boroPro), a 
homobivalent derivative of Lys-boroPro. 

Fig. 4 is a graph showing a dose response cun^e observed with lower 
concentrations of KblVAdipate on anti-CD3 mAb stimulation of H9 cells. 

Fig. 5 is a graph showing a dose response curve observed with higher 
concentrations of KbP.-Adipate on atUi-CDS mAb stimulation of H9 cells. Drug 
concentration is read as 1 O^M. 

Fig. 6 is a graph showing a dose response cuiyc for anti-lF?. 
iM-g. 7 is a diagram showing intermolccular reactions that may occur al 
higher concentrations of KbPa-Adipate. 

Fig. 8 is a diagram showing Lys-boroPro linked to Myelin Proteolipid 
Protein (PLP) Peptide 139-151. 

Fig- 9 is a graph comparing the cflccls helerobivalcnt coupled KbP-S- 
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MCC and uncoupled MCC 94-103 have on IL-2 production in 2B4 cells. 

•Fig. 10 is a diagram showing the structures of the open and cyclized 
forms of Xaa-boroProline inhibitors. 

Figs. 1 1 A-1 ID arc diagrams of different examples of bivalent 
compounds containing an olefin group. Fig. 11 D is a fluoroolefin isostere of Xaa- 
boroProline. 

Fig. 12 is a graph illustrating the effect of (KbP)2-EGS at varying 
concentrations on IL-2 production by H9 cells. 

Fig. 13 is the structure of EGS, the spacer-linker molecule used in the 
homodimer (KbP)2-EGS used in the experiments of Fig. 12. 

Detailed Description 
Synthetic, low molecular weight, bivalent and multivalent crosslinking 
compounds with agonistic activity are designed and developed. To have agonist 
activity, the molecule needs to be able to induce the association of receptors of a 
specific class in a manner similar to that induced by its natural ligand. These 
agonistic molecules therefore need to be at least bidentatc. Additionally, the 
individual binding units must be properly spaced for the desired association to 
occur. 

The homobivalent (homodimeric), homomultivalent and hcterobivalcnt 
(heterodimeric) compounds of this invention represent a new class of biological 
modulators which can be used as therapeutic or diagnostic agents or both. 

T Cell Surface Receptors 

T cell surface receptors and their naturally occurring ligands arc used 
herein as examples to demonstrate how different homobivalent, homomultivalent, 
hetefomullivalent, and hcterobivalcnt synthetic crosslinking compounds function; 
these examples are therefore not intended to limit the invention. The molecule. 
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Xaa-boroPro. which has been shown to have high affinity for tlie CD26 T cell 
surface receptor (See above discussion), can be a component molecule of the 
homobivaient. hetcroniultivalent. homomultivalent. or heterobivalent compounds 



outJincd herein. 



^ P'Qchemi.srr y of rn26 TCell Siirfnrt. Rpn^p ^nr 

CD26 is a highly glycosylated type two transmembrane protein. It exists 
as a dimer with a subunit molecular weight of about 1 1 0 kDa. The cDNAs 
encoding the human, mouse and rat proteins have been cloned and sequenced (D 
Darmoul, et al., "Dipeplidyl peptidase IV (CD26) gene expression in entcrocytc- 
0 like colon cancer cell lines HT-29 and Caco-2: Cloning of the complete human 
coding sequence and changes of dipeptidyl peptidase IV mRNA levels during cell 
differentiation." J.BioLChem. 267, 4824-4833 (1 992); D. Marquet. et al., "eDNA 
cloning for mouse Ihymocyte-activaling molecule: A multifunctional ccto- 
dipepiidyl peptidase IV (CD26) included in a subgroup of serine protease » 
■> J.Biol.Chem. 267, 2200-2208 (1 992); T. Tanaka, et al.. "Cloning and functional 
expression of the T cell activation antigen CD26." J.ImmunoI. 149. 481-486 (1992)- 
published erratum appears in J.ImmunoI. 50(5):2090 (Mar 1993)). Human CD26 ' 
cDNA encodes a 766 amino acid polypeptide (having a molecular weight of 
88,300) and the mouse cDNA encodes a 760 amino acid polypeptide (87 500 
iT^olecular weight). The sequences of the mouse, rat and human CD26 share up to 
98% homology. Most of the CD26 molecule resides outside of the cell by being 
anchored to the cell plasma membrane Uirough a 22 amino acid hydrophobic 
domain on the N terminus and only a small, six amino acid N terminal tail projects 
into Uic cytoplasm. 

Among ly,nphoid cells. CD26 is found mainly on ihe surface of CD4+ T 
cells where it is believed to have important roles in T cell activation pathways (see 
section on CD26 and T cell function below). CD26 is also found on a small 
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fraction of CD8+ cells. CD26 has been shown to be identical with an enzyme 
known as dipeptidyl peptidase amino peptidase Type IV (DP IV, sometimes also 
abbreviated DPP IV or DAP IV). 

Enzvmology of CD26: Active Site Structure and Inhibitor Design 
5 Tlie catalytic activity thus far identified for CD26 associated DP IV 

protease activity involves the cleaving of a dipeptide unit from the free amino 
terminus of polypeptides and proteins. DP IV shows a strong preference for 
cleaving after a proline residue, i.e., a proline in the penultimate position from the 
amino terminus. A free amino terminus appears to be a requirement but the enzyme 

10 displays little preference for any particular amino acid in this position (J, Heins, et 
al,, **Mechanism of proline-specific proteinases: (I) Substrate specificity of 
dipeptidyl peptidase IV from pig kidney and proline-specific endopeptidase from 
Flavobacteriuni meningosepticum," Biochimica Et Biophysica Acta 954, 161-169 
(1988))." DP IV can be regarded as a postproline cleaving aminopeptidase with a 

15 specificity for removing N-tcrminal Xaa-Pro dipeptides where Xaa can be any 

amino acid. However, DP IV will also remove amino terminal Xaa-Ala dipeptides, 
although much less effectively. The enzyme docs, however, require that some 
amino acid be N terminal to proline because boroPro itself is not an effective 
inhibitor. The P2 residue is probably required only for presenting a free amino 

20 group in the appropriate geometrical arrangement with respect to the proline bond 
to be cleaved because the addition of a group to the P2 N terminus, such as Ac, 
CBZ, or Fmoc, abolishes the inhibitory potency (G.R. FIcntke, et al., "Inhibition of 
dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these 
inhhibilors to examine the role of DP-IV in T-cell function," PNAS (USA) 88, 

25 1556-1559 (1991)). This indicates that the active site is constructed to recognize a 
proline residue at P 1 and a free amino group al P2. The P2 amino acid side chain is 
probably directed away from the enzyme and free in solution. PI refers* to the 
residue on the N-lcrminal side of the sessile bond. P2 refers to the residue on the 
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N-tcrminal side of PL 



CD26;imlTP..|lf.-,,^..p^ 

The work of Schon et M. was among the fct to implicate DP IV as 
important to Tcell function (E. Sohon. etal., "Dipeptidyl peptidase IV in the 
s .mmune system. Effects of specific enzyme inhibitor, on activity of dipepUdyl 
pepudase IV and proliferation of htnnan lymphocytes," Biological Chemistn- 
Hoppe Seyler 372, 305-31 ■ (1991); B. Schon, e. a... -ae dipcptidy, peptidase IV a 
membrane enzyme involved in the proliferation of T lymphocytes," Biomedica " 
Biochimica Acta 44, (1 985); E Schon, et al.. "Dipeptidyl peptidase IV in human T 
.» lymphocytes. An approach to the role of a memb^ne peptidase in the immune 
=ystem,"B,omedicaBioehimieaActa45, 1523-1528 (1986); E. Schon, etal "TOe 
role of dipeptidyl peptidase IV in human T lymphocyte activation. Inhibitor^ and 
anubodies against dipeptidyl peptidase IV suppr^s lymphocyte proliferation and 
"nmu„oglobulinsynthesisinvi.ro."EuropeanJoumal oflmmunology 17 1821 
" 1 826 (1987); E. Sehon e. al., "Dipeptidyl peptidase IV in human T lymphocytes 
Impaired induction of interleukin 2 and gamma interferon due to specific inhibition 

ofdtpepudyl peptidase iV." Scandinavian Joumal oflmmunology 29 l->7 132 
(1 989)). -nus work reported Umt DP IV inhibito,^ and anti-Di. IV polyclonal 
-..bodies suppressed T cell activation in culture. It has been dentonstr^tcd that 
i ro-boroPro and Ala-boroPro inhibited an immune response ,„ v,v» in mice such 
mat antrbody production in response to an antigen challenge was reduced; this was 
direct evidence for a role for DP IV/CD26 in immune function in v/vo. 

Also, most of lire evidence implicating CD26/DP IV as important ,o 
P^pcr T cell function and immune system regulation comes from studies of the 
effects of various a„ti.CD26 tnAbs on T eel, fi,nctions. Because Abs ar. naturally ' 
bivalent, they are often able to mimic the natu., ligand in inducing association of 
U.e receptor. e.g.. an agonistic effect, which may be a dimcrization or an ' 
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aggregation. If an antibody fails to correctly mimic the natural-ligand induced 
association, it will then often block the interaction with the natural ligand and 
therefore show an inhibitory or antagonistic activity. 

The anti-CD26 mAbs thus far identified have cither activating, 
5 inhibitory, or botli effects on various T cell responses. These results show that 
CD26 is an association-activated co-stimulatory T cell receptor. 

The role for CD26 as an association-activated, co-stimulatory molecule 
has been recently confirmed in experiments in which the gene for CD26 was 
transfected into Jurkat T cell lines (T. Tanaka, et al., "Cloning and functional 
10 expression of the T cell activation antigen CD26," published erratum appears in J. 
Immunol., 150(5):2090 (Mar 1993); J.Immunol. 149, 481-486 (1992)). 

The results indicated that mAb-mediated cross linking of CD26 on 
CD26+ Jurkat cell resulted in enhanced Ca^* mobilization and IL-2 production in 
response to anti-CD3 suboptimal stimulation in the presence of phorbol esters. 
15 Untransfected Jurkat cells do not express CD26 and do not produce IL-2 in 

significant amounts in response to anti-CD26 costimulation with suboptimal anti- 
CD3 treatment in the presence of phorbol esters. 
Mechanisms of CD26 Mediated Signa l Transduction 

CD26 has only a short six amino acid cytoplasmic tail. This argues 
20 against signal transduction via the cytosolic domain as is often the case for otlicr 
cell surface receptors. CD26 may participate in T cell signal transduction through 
two hypothetical mechanisms: (I) through its association with other molecules in 
the membrane, and (2) through its DP IV protease activity. 

EXAMPLES 

25 Introduction 

Throughout this application and in particular, in each of the Examples 
and drawings, particular embodiments are described and illustrated. It is to be 
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U:ep.nc...eacUv.^„p. bo™„,, ,.oup) .,ow„ in u,e d.w 
described in the particular Examples. 

5 GENERAL SYNTHESIS OF H^S^ENT 
AND MULTIVALENT CROSSLINKING 

COMPOUNDS 

The synthesis of bivalent or multivalent compounds or agents outlineW 

eretninvolves essentially vetysim,-,archemist.,Thesebiva,e„.a^dm^^^^^^^^^^^ 

— --esi^edsuchthattheyinduceassoeiationsbetweenn^^^^^^^^^^^^ 
oc u.,„, receptors, e.,.. an association bet,vecn a T cel, surface Cm6 rec 1 
wub uself (bomobivalent, or an association between three T eel, surface^ 

-ptors (,,omom„.tiva,cnt, e.,. homo.ivaient) or an associaUon betwe^„ C^^^ 
-ptor With UteTcel, n=cep.or CrCK/CD3) orwi. the CD4 .cep.or 
(heterobivalent). ^ 

" cmnlo H 'l"*°"'"'''"'^'"'*"'°"'-''''=''''-''=-"Pi-Schemis.,yis 
-poyed. ^..standardpeptideconplin^chen.^^ 

f ^ '"^ -^''^ «. E^^mples Of books using these methods 
reference. ^-D- Ba.ley. ^nJnti^teiaojo^^ ' 

Wr Verla, •='S3;^..los;I^:;~^:;:^^^ 
Rcaeuvny and Structut. Concepts in Orga^o!:"^^^ 

_W.Verlag,1.3.andMi.„sBo<^sky,lM0.^^ 
«eac..v.o, and Structure Concepts in Organic a;^:;!;:^ 

Sprijiger- VerJag, 1 984. ' " 

• 1 . HomomuUivaJenl Compounds: GenenU Structure 

l-hc homobivalent and homo.ultivalent compounds taught herein c.n 
cuher start with the ,cnc,.I din.ram for n hf..,. ... ^ 
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binding moieties as shown in Fig, 1 A or with the general diagram for a 
homobivalent template as shown in Fig. IB. Thus, both sides of the chemical 
structure as shown in Figs. 1 A and IB are binding moieties. Figs. IC-IT are 
diagrams showing the structure of several preferred bivalent and multivalent 
5 compounds. Descriptions of the figures are provided above in the Brief Description 
of the Drawings. 

2. Heterobivalent Compounds: General Structure 

The heterobivalent and hetcromultivalcnt compounds and agents taught 
herein may begin with the following general diagram as shown in Fig. 2A, the 
10 general formula for a heterobivalent compound. Figs. 2A-2C are diagrams showing 
the general formula of several preferred heterobivalent compounds: Fig. 2A is a 
diagram of a general heterobivalent template; Fig. 2B is a diagram of a 
heterobivalent example coupling a binding moiety to an MCC peptide (94-103) 
using a coLmpatible linker, e.g., an AAAAAA (SEQ ID NO: 21) linker group where 
15 A is L-alanine or D-alaninc; and Fig. 2C is a diagram of a heterobivalent example 
coupling a binding moiety to a PLP peptide (139-151) using a compatible linker, 
e.g., an AAAAAA linker group where A is L-alaninc or D-alanine. 

For this invention, peptide, polypeptide, or fragment thereof, are used 
interchangeably and is defined to include a chain of amino acids ranging from about 
20 3 to 50 residues, preferably from about 3 to 25 residues in length. More preferably, 
optimal size is on the order of about 10-18 amino acid residues in length. 

Known antigenic peptides for any of the following autoimmune diseases, 
infectious diseases, allergic diseases, or cancers listed below and elsewhere in this 
document (without limitation) could be coupled to a bivalent template (see Fig. 
25 2A), e.g., Xaa-boroPro, to form a heterobivalent compound (hcterodimeric) 
molecule that could be used in this invention to treat that disease. Thus, once 
coupled or linked to the bivalent or multivalent template (see Fig. 2A), these 
peptides form different heterobivalent compounds which can alter biological 



wo 98/00439 " 

PCTAJS97/11279 



-40- 

activity (increased or reduced) as a result of 

bivalent interaction inducing the association of two receptors. 



AUTOIMMimS DISEASES AND KNOWK AI^TIGEKIC 



PEPTIDES 




heraolyt:ic anemia 



antiphospholipid 
syndrome 



rheumatoid artihriti 



herpetiformis 
dermatitis 



diabetes mellitus, 
xnsulin dependent 



adrenal specific 
antigen with a 



internal membrane 
protein and the 
integral red blood 
cell protein Band-n 

epitopes on the 
fifth domain of 
beta 2-glycoprotein 



deglycosylated 
aggrecan peptide 
spanning the 
chondroitin 
sulphate domain 

strong association 
with specific human 
histocompatibility 
leukocyte antigens 
Dow2, and no,..-^ 



••The mapping of 
most of the genetic 
rj.sk {or disease 
resistance) to 
specific alleles in 
the major 

histocompatibility 
locus (MiJC class 
II) has direct 
functional 
implications for 
our understanding 
of autoimmunity in 
diabetes and 
directly implies 
that presentation 
of a likely narrow 
set of peptides is 
critical to the 
development of 
autoim munity. 



Freeman, et al., 

rit^'^^f^ ^ Experimental 
Immunology, 88(2) :275- 



(May 19921 



Perrv, 



"^•^5, et al.. Journal 
of Itr^unology, 

155(3):i629-a636 
_(Am;usg 1, ^^^Sy 

Cocdscone, et al. 
Annals of the RheG.-:»ati 
Diseases, 55(l):40-46 
(January 1996) 

Hall, et al., Seminar-s* 
in Derroatolocv. 
10(3):240-245 
(Septeniber 1991) 



Karges, et al. , 
Molecular Aspects of 



*H 1- 



DTSHASE 



allergic 

encephalomyelitis 
(major animal model 
for human multiple 
sclerosis) 



AUTQANTTCcTH 



proteolipid protein 
residues 139-151 



glomerulonephritis , 
IgA 



antibodies directed 
against endothelial 
cells 



Kuchroo, ct al./ 
Journal of Immunology, 
148(12)13776-3782 (June 
15, 1992) 



Wang, et al . , 
Nephro logy , Dialysis, 
Transplantation, 
7(e);805-810 (1992) 



glomerulonephritis ^ 
membranous 



"Towards defining 
antigens in human 
meff^branous 
neohropathy" 



Brenchley/ et al. , 
nephrology. Dialysis, 
Transolantation, 7 
Sutjcll 1:21-24 (1992) 



Goodpasture ' s 
syndrome 



alpha 3 chain of 
type IV collagen 



Kalluri, et al.. 
Journal of the American 
Society of Neohrology, 
6(4) :117B-11B5 (October 
1995) 



Grave's disease 



thyroid stimulating 
hormone receptor 



Hullins, et al.. 
Journal of Clinical 
Investigation, 
96(l):30-37 (July 1996) 



Lambert-Saton 
myasthenic syndrome 



K- and L-type 
calcium channels 



el Far, et al.. Journal 
of Neurochcmictry , 
64(4) : 169 6-1702 (April 
1995) . 



lupus erythematosus, 
systematic 



small nuclear 
ribonucleoprotein 
C, residues 117-126 



James, et al. Clinical 

€t Experimental 

Rheumatology, 

13 (-3) :299-305 (May-June 

1995) . 



multiple sclerosis 



the small heat- 
shoc)t protein alpha 
B-crystallin 



van Moort, et al». 
Nature, 375 ( 6534 ): 798- 
801 (June 29, 1995) 



myasthenia gravis 



neuritxc, 

cxoerimental allergic 



muscle nicotinic 

acetylcholine 

receptor 



the horoophilic cell 
adhesion molecule 
pO glycoprotein, 
residues 56-71 and 
180-199 



Protti, ct al.. 
Immunology Today, 
14(7) :363-368 (July 
1993) 



Linington, ct al., 
European Journal of 
Immunology, 22(7) :1813- 
1817 (July 1992) 
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AUTOTMVTrMy 
DTSgASS 



sympathetic 
ophthalmia 



pemphigoid, bulloa 



pemphigus 



polyondocrinopathiGo, 
au wouiunune 



purpura, 

throiabocytopenic, 
i.diopathic 



^eiter's disease 
stiff-inan syndrome 



thyroiditis, 
autoimmune 



autoantigen unknown 

inununosuppres s ive 
therapy effer t-.-^.^ 

an epidermal 
hemidesraosoraal 
l^y^oP^otein named 
BP180 (human) and 
mBPlSO (mouse). in 
the m3?180 
ectodomain, an 
antigenic site 
comprised of 9-12 
residues designated 
maPl is recognized 
pathogenic sera 

desmoglein 3 (DC) 
residues 190-204 



Chan, et al,. Archives 

Ophthalmology, 
Jl|j5,.S97-600^|Hay 

^55(11} :5449-5454 
(December 1995) 



steroidogenic 
enzymes P4S0scc, 
P4S0C17, and ' 
P450c21 

platelet surface 
glycoproteins lb, 
lib, Ilia with 
raolecular weights 
i60, 13S 83 kDa 
respectively. 

platelet unknown 
but antibiotic 
treatment is 
effective 

linear NK2.terminal 
epitope of glutamic 
acid decarboxylase 

O 9 



thyroid peroxidase 



Wvacherpfennig, et al., 
^:°f««dxngs of the 
National Academy of 
Sciences Of the United 
Swates of America, 

52(25) :1193S-11939 

^December 199 5 ^ 

04. Autoimmunity, 
7^3,:399.4ii (Sine 

Kokawa, et al., 
-uropean Journal of 



in Arthritis & 
Rheumatism 24(3) : 190- 
■iio (December 1994 ^ 

°aw, et al.. Journal of 
Immunology, 156 (2): 818- 
e-is (January is, 1995^ 

Chasenbalk, et al.. 
Journal of clinical 

92(l):62-7< (July i993j 
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KIV-1 and KTLV-1 



Synthetic Peptide 
Itcratinogena 



Eart, et al., 
Phaxaaceutical 
Biotechnology, 6:821-845 
(1995) 



Kalaria 



SPr(66)n 



Loper, et al.. Vaccine, 
12(7) ;5B5*591 (1994) 



Schistosonisia 



Triose-Phosphate 
Xsomorasc 



Reynolds, et al. , 
Journal of Immunology, 
152(1) : 193-200 (January 
1. 1994) 



KIV-1 



Chemically Defined 
synthetic Vaccine 



Toxoplasmosis 



Nardelli, et al.. 
Journal of Itrenunology , 
143(3) :914-920 (February 
1, 1992) 



Toxoplasr»a Gondii P30 
Antigen 



Darcy, et al.. Journal 
of Incaunology, 
149(11):3636-3641 
(December 1, 1992) 



Malaria 



Epitopes of Cs and 
KZSA Proteins 



Ritu, et al.. Vaccine, 
10(11) ;761-765 (1992) ' 



AIXZRCIC DISEASE 


AKTI GEN(S) 


REFERENCE 1 


Cedar Allergy 


derived peptide 


Ikagavra, et al.. Journal of 1 
Allergy & Clinical 
Immunology, 97(1 Pt 1): 53-64 
(January 1996) ll 


Penicillin Allergy 


beta-lactani ring 


|i 

Brander, et al. , Journal of ' 
Immunology, 155 ( 5 ) :2670-2678 ' 
(September 1, 1995) J 


House Dust Kite 
Allerc/ 


Deir p 2 allergen 


O'Brien, et al., Immunologv, 
86(2) : 176-182 (October 1995) 


Ragweed Allergy 


Amb a 5 and An±> 
t 5 allergens 


Greenstein, et al., Journal j 
of Irmunology, 155 ( 10) : 5064- 
5073 (November 15, 1995) j 


Soybean Allergy 


Alpha-subunit of 
bcca-conglycinin 


Ogavra, et al. , Bioscience, i 
Biotechnology £* Biochemistry, j 
59(5) :831-833 (May 1995) ; 


Bee Venom Allergy 


Phospholipase A2 


Dudler, ct al., European \ 

Journal of Immunology, 

25(2) :538-542 ( February 1993 ) ■ 


Rye Crasa Allergy 


T cell epitopes 
cf the major' 
fraction 


Bungy, ct al., European ' 
Journal of immunology, i 
24(9) :2098-2103 (September 
1994) : 


Egg Allergy 


Epitope of 
Ovalbumin 


Shiroojo, et al. , 
International Archives of 
Allergy G Immunology, 
105(2) :155-161 (October 1994) 


Dernvatophacoides 
Pteronys sinus 
Allergy 


Peptides of Der 
P 11 


0)cana, et al., Allcrgv, 
49(6) :436-441 (July 1994) 
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Listed below are examples of different known peptides witi, Icnown 

(P) can be , „^ ^^^^^ ^^^^^ ^ 

.n F„. M to forn. different i,eterobivalent compounds exhibiting altered bioiogioa, 
act,vuy Oncreased or reduced as a result of the specific binding to the specific 



reccjDtor. 



HETERO VIBALENT PEPTIDES 



Myelin Proteolipid Protein (PLP J 39-15 j; 



Moth Cytocltromc C peptide (MCC) 
Colony Stimulating Factor Peptide 



Stem Cell Factor P eptide 
[-irV-1 GP 120 Peptide 
I-IlV-1 GP 12 0 

P2 Peptide of Tetanus T oxoid 
Multiple Scleros is Peptide 

Peptide Analog of Myelin B asic Protein 
Myelin Proteo lipid Protein 
[HIV-l gpi2 0 
[Tetanus Toxoid 
[Stem Cell Fa ctor (SCF) 
Cytochrome c 



Tcu-adccapcptidc Epitope of Myelin Basic Protein 
I Colony-Stimulating Factor fCS F) 
*^ CR: T cell Surface Receptor 




SPECIFIC FOR 



TCR*/CD3 



CD3 
TCR/CD3 



TCR/CD3 
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3. Synthesis of Pl-boroPro and Xaa/Lys-boroPro 
Momobivalcnt, homoniultivalcnt, hctcrobivalent, and hctcromultivalcnt 
compounds can begin with the synthesis of H-boroPro and LysboroPro as taught herein. 
Use of H-boroPro and Lys-boroPro arc for example purposes only, and is not intended to 
limit the scope of this invention. Thus, Xaa/Lys-boroPro is an example of a molecule tliat 
can be used to form a binding moiety of a bivalent, homobivalcnt, homomultivalcnt, or 
hctcrobivalent compound as taught herein. 

Standard peptide coupling chemistry methods and procedures used in this 
invention are taught in the books identified at tlie beginning of this Example. In particular, 
H-boroPro was prepared by the synthetic route previously developed and described (G.R. 
Flentke, et al., "Inhibition of dipcptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro 
dipeptides and use of these inhibitors to examine the role of DP-IV in T-ccll function,". 
PNAS (U.S.A.) 88, 1556-1559 (1991); also described in United States Patent No. 
5,462,928)! Alternatively, H-boroPro may be produced by a new procedure (Kelly, T.A., 
et aL, "The efficient synthesis and simple resolution of a proline boronatc ester suitable for 
enzyme inliibition studies," Tetrahedron 49, 1009-1016 (1993)), Both of these synthetic 
routes yield raccmic H-boroPro pinanediol. 

Stereochcmically pure L, L and L, D diastercomcrs of Z-Lys-boroPro were 
prepared by first resolving raccmic H-boroPro tlirough crj'stallization with optically active 
blocking protecting groups ((IS, 2S, 3R, 5S)-+-pinanedioI isomer) followed by coupling 
the isolopically pure L-boroPro and D-boroPro to the stereochcmically pure L isomer of 
lysine (See United States Patent No. 5,462,928), Alternatively, the L,L and L,D 
diastercomcrs of Lys-boroPro were prepared in high optical purity by coupling raccmic H- 
boroPro by L-Lys and separating the resulting diastereomeric Z-Lys-boroPro-diesler into 
its component L,D and L,L diastercomcrs using reverse phase HPLC as previously 
described for diastereomeric Pro-boroPro (W.G- Gutheil and W.W. Bachovchin, 
"Separation of L-Pro-DL-boroPro into Its Component Diastercomcrs and Kinetic Analysis 
of Their Inhibition of Dipcptidyl Peptidase IV. A Nev^ Method for the Analysis of Slow, 
Tight-Binding Inliibition," Biochemistry 32, 8723-873 1 (1993)). Thus, there are several 
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n>ute ttrouEh which to obtain my of tte fourpossibie ««.oisomc. of Ly^boroPro 
However, only m. DP IV inhibitory L,L i^nrer and ,he DP IV non inhibitory L,D i.onrer 
were nonnally prepared for t.e a. a control in the immunological experiments. In general 
.he derivatives pr^ared herein use opdeaily pure diastereomers and therefore contain only' 
5 O'lhcr the i.,L or the L,D isomer of Lys-boroPro. 

Once prepared, these Xaa-boroPro compounds are coupled to other Xaa- 
boroPro compounds, eg., itself, to fonn a homobivalent (homodimcric; or multivalent 
compound or coupled to a non-Xaa-boroPro pepUdc thereby forming a hcterobivalen. 
(Jicicrodimeric) or multivalent compound. 

0 

SYNTHESIS OF HOMOBIVALENT AND HFTFRnntA, . t 

Homobivalent, low molecular weight compounds capable of inducing an 
assoctauervbctwccn two CD26 receptors are taught in this Example. Homobivalent 
^nOtcuc ctosslinidng compounds have .he p„perties normally associated with an 
-Ubody, i.e., high affini.y, and specificity for CD26, and an ability to induce crosslinldng 
T1.US, any experiment with an anti-CD26 monoclonal antibody c. be performed with one 
ormore of the homobivalent compounds. e.g., innnunoprecipitaaons. 

however, have some properties U,a, make a,em 
complnnentary to anti.CD26 mAbs. T,^ include: (i) their binding epitope is the DP IV 
-uve srte. (.i) they exhibit cross-species specificity; and (iii) they offer flexibility in 

adjustmg U,c spacing between the binding sites and the construction of chimeric or 

nclcrobidcnlalc structure. 



I 



Compounds'"''"'"'"™"""'"'''"-'"'"'"""''^^^^^^ 

. To produce molecules which induce the associaUon between one cell surface 



erne with another cel, surface CD26 and also retain DP IV inhibitory activity, a scHes of 
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linker spacer or linker group, using conventional peptide coupling methods (see Fig. 3), 
Fig. 3 is a diagram showing the synthesis of adipoyl (Lys-boroPro)2, a homobivalcnt 
derivative of Lys-boroPro. TIus linkage method included coupling benzyloxycarbonyl- 
lysine-boroPro-diester (Z-lys-boroPro-diester) to a linker molecule, e.g., adipic acid or 
hcxanedioic acid (HOOC(CH2)4COOH). The diester protecting group on the boronyl 
moiety can cither be pinacol or pinanediol. 

TIic general structure for this homobivalcnt (homodimeric) compound is 
shown in Fig. IB: 



Y1 



D1 " A1 ^ A2 A3 " A4 ^ B 



" An " A2 - A2 - A4, ^ B 



Y3 



Y2 



YA 



10 wherein D I , is independently selected from the group consisting of NH and NHj, wherein 
N represents any isotope of nitrogen, wherein H represents an isotope of hydrogen; 
independently, is selected from the group consisting of a single bond and a double bond; B 
represents, independently, any isotope of boron; Al is, independently, selected from a 
group consisting of a C, a CS moiety and an N, wherein C represents any isotope of 

15 carbon, wherein X represents any atom capable of forming a single bond with C; each A2, 
A3, and A4 arc, independently, selected from a group consisting of a CX moiety, a CXZ 
moiety, a CZ moiety, an NX moiety, and an O, wherein X and Z, arc, independently, 
selected from the group consisting of any atom capable of forming a single bond and any 
atom capable of forming a double bond with C or N and wherein O represents any isotope 

20 of oxygdn; wherein each Y 1 , Y2, Y3, and Y4 arc, independently, selected from the group 
consisting of a hydroxyl moiety and any reactive moiety that converts to a hydroxyl 
moicly under physiologic conditions; and L represents a linker molecule (i) having a 
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connected by si^^lc bonds or by double bond, i 

of phosphorous. represents any isotope 

The structure as shown above need not be identical in th.. v . 
general structure as sho;vn in Fig. 1 A: 



' L ^ 

wherein Dl and D2, independently, are selected ftom ,h» „ 

wi.e.i„N„a„,i.ot„,eofnit.,e„ltlH '"'^'^"''^"'''^^ 
M™.en..-^indcpenden.i.i..,e«edrlr;^« ~ 

"'^~^.->-«'fion,ag„,npe„n.isting„faC acx ' 
™. any isotope of carbon wi„„i„ X reo " = 

-e.. bond with C; each A2 A^ Tm ITT 
-.=o.i..in.o;aCx:;et'a 

w.=.h,XandZ.a.,independe„.i,.J:r:::::::'«"°'=^'-»° 
«pable of foxing a single bond and any atom cal! T ' "'"^ 

-.7-ino.p_any..orrr:;rrvr:r 

' ..dcpendenUy. selected fion, the .^^^ ^ V4 

i^cuvemoietythatconvertstoahydroxvlmoi-v ! ™d any 

~a,in.ern,oiecalea)ba4:t:2r:h:r't"""^^ 
dal.o,« and about 200 daltons fii) hnvin, , "'«"" 

and(iii,«ntain..aehainofI"rj~^^^ ' 

ofC.O.N.S,andPhaton.,eonnJ "i:!:'":"^"^ 

oy snigle bonds or by double bonds in a mainer 
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that docs not violate the laws of chemistry and wherein S represents any isotope of sulfur 
and Ph represents any isotope of phosphorous. 

The coupling reaction can be achieved by any of several standard peptide 
coupling methodologies. For example, the Lys-boroPro homobivalent (homodimeric) 
5 derivative was prepared by reacting protected Lys-boroPro in anhydrous THF with the 
acid chloride form of adipic acid, i.e., adipoyl chloride, which is commercially available 
(Aldrich Co.). Following coupling, tlie N terminal Z protecting group was removed by 
catalytic hydrogenation. Deprotection of the boronyl group was achieved by 
transeslcrification with phenyl boronic acid and extracted using a two phase, low pH water 
1 0 solution/organi c solvent. 

II. Determination of Optimal Chemical Spacer Linkers 

To determine the optimal spacer linker segment or linker molecule for 
inducing the association of one cell surface CD26 with another cell surface CD26 receptor, 
a series ofi)ivalent, dimcric Lys-boroPro derivatives with varying length spacer segments 
15 will be prepared (See discussion below on linker molecules). A wide assortment of 
dicarboxylic spacer linker molecules are commercially available. This includes linker 
molecules which have various internal heteroatoms and other functional groups, in 
addition to the terminal carboxylic groups, e.g., ethylene glycolbissuccinate ("EGS", 
shown in Fig. 13). 

20 For example, using EGS in place of adipic acid provides a bivalent compound 

with a spacer of about twice the length of the adipoyl moiety. Also, the intemal 
heteroatoms confer improved water solubility over a straight chain hydrocarbon of similar 
length. 

Fig. 13 gives the structure of EGS, which was used as the linker molecule 
25 joining two KbP monomers, to fonn (KbP)2 EGS. The synthesis of this homodimer was 
carried out in a manner analogous to that described herein for KbPj adipate, using 
appropriate modifications. EGS is commercially available from a variety of chemical 
supply companies. 

Both (KbP)2 adipate and (KbP)2 EGS were used in experiments with the T cell 
30 line H9 to determine their effects on activation (as measured by 11-2 production) and/or 
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proIifcn.,ion. Some of U.«e ..^Ir.^^ ^ 

-..bod, OKn. The nrsute of tee experimeate a,e *ow„ i„ Fig,. 5 and 12. 

J^^- Experimental Methods 

' colls e„ j°?r'r"'^"™'''"°'"'°"'""-=''^'^''^'^^--ofH, 

0 60. or ,50 ™„. Afier d,e p„i„c.baUo„. U:e ee.,. we. .eeded into a 96 we' J 
bo,.o. p,a.e p,e.„a.ed with a„,.CD3 „o„oc,o„a, an.ibody OK73 a, , OOoT 00 

Similar experiments were carried out with (KhP) Pr,^ n„w ,u 
antibody 0Kr3- U.e results of th. • (^"^^^^05 and the eo-stimulatory 

/ J. Uie results of these experiments are shown in Fig. 12. 

^V. Results 

''*^^-'"'^-^S-P^^^--ngadosercsponseeux.cobservedwith 
20 concentrations of KbP.-Adipate on anti-CD3 mAb stimulation of H9 00171 r 
by IL-2 production. ^ "^^'f«ted 

The invento. predict a.at the obser>.d stimulatoi^ ciTect with higher KbP 
Adipatc concentrations was due to intermof,....! • 

can eominue ,o forn, polymen, of various Icnnths A, r. ■ 



compound, as diagramed in Fig. 7. has lost a binding moiety from each dimer but now has 
a linker span of.greater than twice the original linker span size. Fig. 7 is a diagram 
showing intcrmolecular reactions that may occur at higher concentrations of KbPa- 
Adipate. 

5 Fig. 12 shows the results of the experiments carried out with KbPj-EGS, in 

which the two KbP monomers are linked by the EGS spacer, which is on the order of 
twice the length of the adipate spacer used to make KbPj-Adipate homodimcr. The results 
of tlie experiments with KbPj-EGS exhibit a pattern analogous to the KbPa-Adipate 
results, as Fig. 12 illustrates. For example, there is a co-stimulatory effect with tlic T cell 

1 0 activating antibody 0KT3. Further, the greatest stimulatory effect was observed at low 
concentrations (between lO"* M and lO*" M) of KbPj-EGS, and after tlie peak stimulatory 
effect (alone or with 0KT3), increasing conccntraUons (10"* M) decreased the activating 
effect observed. 

EXAMPLES 

HOMOMULTIVALENT POLYMERIC COMPOUNDS DESIGNED TO INDUCE 
ASSOCIATION BETWEEN T CELL SURFACE RECEPTORS 

A variety of different examples of homomultivalent compounds are taught in 
this example. The standard peptide synthesis metliods described above can be used to 

prepare these compounds. 

The general multivalent template has the following structure as shown in Fig. 



15 



20 



IR: 



Y2 



B1 [J], L P], E3' 



D" A1-A2~A3-A'( B"^ \ 

^2 \ 



'f 

El' [JJ^ E2 P], EJ 



I 
I 

— I 
I 

in 



wherein D is, independently, selected from the group consisting of NH and NHj, wherein 
N represents any isotope of nitrogen, wherein H represents any isotope of hydrogen; 
is, independently, selected from the group consisting of a single bond and a double bond; 
25 B represents, independently, any isotope ofboron; Al is, independently, selected from the 
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Sroup consisting of a C, a CX moiety and an N wherein r 

u , ' ^ "presents any isotone 

A3, A4 are. .aepe„de„,„. ^„ ^^^^ • 

seized to d.e ^„p ^ ^ , 

f . hydroxy, „o,=,. any „a«ivc .oie-y co„v=,« ,o a hydroxy, Ll Z 

wherein El and E3 are disdne, „=ac,ive speeie. in whieh- ' 

W R and R' arc U,e remainder of ,he „,oleeule. no, reievan. ,o U,is 

reaction; 



(c) 



W represent d,e par, .f E.-R- „o. unde,,„i„, a ehcn,iea. reacUon- 
R . present „e pan „rR.E3 ^ ^^^.^ 

(0 E, ""<'er6oc.aehemical,eae,ionwid,E3,ofonnd,eprod„e.Er-E3. 
and P. , , ^^^^^^ 

2H and 2c ■, H^O. and any oUicr byprodnec 
^ where H- is ,hc cation of any i.o,ope of hyd'roscn and e- is an eieeucn- 

»''-H~anyiso,opcofhyd.,enandOrcp^enJr 

isotope of oxygen; 

CO wilci-e EI- and E3' arc covalcntJy bonded; 



0') 

E3 docs not undergo a cl,cnuc:.i reaction vvi't;;'.;;;^^; h3; and 



El docs not undergo a chcnncal reaction with another EI • 

(k) ,1 . '^^^ 

(0 E, and E3 a. se.ee,ed f™, U,e ..up eonsi^h;:;;;:;:^,,, 
™.no, ,™ida:„fe ,„,fl,,,^, ■ 

species; "^11 vc 



wherein [J]p, E2, [I]q and [G]m together arc a linker moiety, aiid wherein [G]m, [J]p, and 
[I]q represent, independently, linker moleeules (i) having a molecular weight ranging 
between about 1 00 daltons and about 2000 daltons, (ii) having a span ranging from about 
20 A to about 300 A, and (iii) containing a chain of atoms selected from the group 
consisting of a combination of C, 0, N, S, and Ph atoms, connected by single bonds or by 
double bonds in a manner that docs not violate the laws of chemistry and wherein S 
represents any isotope of sulfur and Ph represents any isotope of phosphorous; and 
wherein m, p, and q represent, independently, an integer from 1 to 50, inclusive and 
wherein E2 is selected from the group consisting of CX, CH, N, PhYZ, PhU, and any 
other moiety capable of forming covalent bonds with [J]p, [G]„, and \l\ and wherein: 

(a) C is any isotope of carbon; 

(b) X is any isotope of any atom capable of forming a single bond witli 
carbon; 

(c) H is any isotope of hydrogen; 
(dO N is any isotope of nitrogen; 

(e) Ph is any isotope of phosphorous; 

(f) Y is any isotope of any atom capable of forming a single bond with 
phosphorous; 

(g) Z is any isotope of any atom capable of forming a single bond with 
phosphorous; and 

(h) U is any isotope of any atom capable of forming a double bond with 
phosphorous. 

Also, the figures shown below represent the binding moiety and R represents 
the remainder of the molecule in this polymeric compound: 



Di -Ai -'A2''A3''A4 fl ' 



Yi 



Y2 



and 
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The muiavaicnt compound of to tovcnUon can ™g» fiom a dimer, e g n i. 
«,u., .0 one („ or up .„ abou< 50.n,cr, eg., n is cual to fo«,-„i„e (49). When toe " 
bu,d,„s „,oic.y i. repeated mo,e than 2 dmcs (a dtaer) U,e„ .he eompouud would 

neee^arlly be a "poly-neric-.eo.pound wiU, a fimte number of .peaUn, btoding 

moieties. ^ 



io 



moieties. 



AND THE T CELL SURFACE IffiCEPTOR (T^^CW) 

ConsU-ucUng hclerobivalem (also referred to as heterobideutate or 
.5 heterodunerie). eotnpound. or agents yields a ela« of agents eapable of indueing an 
_o„ betwc.. CU20 and dlsUnet eeli surface .^ptors. Such heteroblfuncUonal 
molecules have ,n.ercsu-„g biological activities and n«y be useful as drugs 

^^S""^ fo^l^'^obivaicnt compound ofUus invention as 

shown in Fig. 2A; 



A4 — a 



r2 



WW D .s tndependently selected f™m the gtoup consisting of NH and fttl,. whetein N 

«prcse„tsanyisotopcof„itrogen.whe.inH.eprese„tsanyisotopeofhyd..r^^^^^ 
-ndependcnuy. is selected from the group eonsisUng of a single bond and a do bi: bon'd- B 

™ mdcpe..ent,y,a„yisotopeofboron;Al is.i„dcpe„de„t,y.se,eetedi;rt^ 
sroup co^.st.„g Of a C, a CX moiety, and an N. wbcrein C tep^ents any isotope of 

^bon whe,e„.X„.sa„yatom eapableof forming a single bond „iu. C each 
A3, and A4 are. mdependent.y. selected from the g^up consisting of a CX moictv ^ rx." 
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moiely, a CZ moiety, an NX moiety, and an O, wherein X and Z, independently, are 
selected from the group consisting of any atom capable of forming a single bond and any 
atom capable of forming a double bond with C or N and wherein O represents any isotope 
of oxygen; wherein each Yl and Y2 are, independently, selected from the group consisting 
of a hydroxyl moiety and any reactive moiety that converts to a hydroxyl moiety under 
physiologic conditions; L represents a linker molecule (i) having a molecular weight 
ranging between about 1 00 daltons and about 200 daltons, (ii) having a span ranging from 
about 20 A to about 300 A, and (iii) containing a chain of atoms selected from the group 
consisting of a combination of C, O, N, S, and Ph atoms, connected by single bonds or by 
double bonds in a manner that does not violate the laws of chemistry and wherein S 
represents any isotope of sulfur and Ph represents any isotope of phosphorous; and P 
represents a peptide ranging from 3 to 30 amino acids having sufficient sequence 
homology to bind to a naturally occurring receptor. P can be a peptide which selectively 
binds to CD26"but which docs not include a reactive group for forming a covalcnt bond or 
complex \vith the amino acids in the reactive center of the CD26. Such a compound is 
considered a heterobivalcnt compound because only one reactive group is present. 

Two different heterobivalcnt compounds (hcterodimers) of Lys-boroPro have 
been constructed and tested. Tliese two compounds arc presented as examples only and 
arc not intended to limit the invention. In one heterobivalcnt compound, Lys-boroPro is 
linked 10 the C terminal carboxylatc of cnccphalilogcnic myelin prolcoHpid protein (PL? 
139-15 1 ; Fig. 2C; see below for discussion). In the second hetero-compound, Lys- 
boroPro is linked to an antigenic moth cytochrome C peptide (MCC; Fig. 2B; see below 
for discussion). Both compounds were designed such that association between CD26 and 
another T cell receptor (TCR/CD3) would be induced. The data presented below 
demonstrate that both heterobidcntale molecules were much more stimulatory tlian using 
the peptides alone. 

1 . Synthesis of Lys-boroPro Linked to Myelin Proteolipid Protein (PLP) 
Peptide 139-151 to Induce Association Between CD26 Receptor and 
the T Cell Surface Receptor (TCIVCD3) 
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i39 ,50 ,evc,„p.cu.c .p.,-„,e„., c„.p„.,„„,,e,iu-. (Kuci«,o. V K « 

v.J^.. cl al., T-ceJJ reccpior alpha chain pjays a critical ro'e in nn.- 
a«cr,.-c mediated ,y Co J T J . I^f r 

«„U1 anergic ccophalomyelms, y. ,5,. «7M3 J 003 ,7 

«:..e,-,.,..o.po._,,^,^ 

cell repertoire. 153.3326-3336(1994)). PLP 139 15, - . 

Drolifcnirnn on- n- . -"^^ '■'■^-i 51 also induces the 

proI,r=„.on„n cdb.„cu:.u.. Tl.cmccha»™i„vo,v«,hoTo=,l.o.p,„rfTCR, 
0 "=^°sn.t,ona„dbmdi„gof.tepep.idewithm,heco«mof,l, • '"'"'^^''^ 

n-ou. c„_= , . u,a. .cod. u.o M,.,c „ je J ;xrr: ' " 

P-|n.^.cp_popUd«„.d.oc.„.aor 

cclU. 1 „= MHC .s ,!,= „,„3> po,yn,OT=hic gone c,„s,o. k„„w„ ,„ , 

PO,.™o,Ms,...„aU.de,cc.cd.i„,a„«Mi«o.pc=mcr o^urMt , ■ 

arc often called -taajor hblocompaUbilily anngcm " TO. n„„ ' 

-..■sonic pcplidc .0 convc« 1, f.n, an agonis, oTn an . 

Molccularco^poncn.. of T^„ ^cognlU n , 7 ' ' ~ « 

«:cogn,uon,W,,m,. Acv. /„,„,„„/. ,o_ 535.573 91992),. 
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Systematic amino acid replacement studies have demonstrated that Tip 144 
and His 147, shown in bold in the sequence, arc necessary for TCR binding while Leu 145 
and Pro 148, shown underlined in the sequence above, are necessary for MHC binding. 

Crystal structure data on the MHC class II receptor shows that the clefl on top 
5 of the molecule which binds the antigenic peptide is open on botli sides, which allows 
longer peptides to be presented by simply permitting Uiem to extent away from the MHC 
receptor. In contrast. MHC class I receptors only accommodate short peptides from 9 to 
12 amino acids and the antigenic peptide ends arc not free. The above facts therefore 
suggest that a bivalent, heterodimer of Lys-boroPro linked to PLP 139-151 could be 
1 0 constructed thai would simultaneously bind to the T cell surface receptor (TCR) and CD26 
(see Fig. 8) and the MHC II on the antigen presenting cell. Fig. 8 is a diagram showing 
Lys-boroPro linked to Myelin Proteolipid Protein (PLP) Peptide 139-151. 

In the case of PLP, the heterodimer was constructed as 
HSLGKWLGHPDKFAAAAAA-eKbP (SEQ.ID.NO. 23 - eKbP) where 
1 5 HSLGKWLGHPDKF (SEQ.ID.NO. 22) was PLP 1 39-1 5 1 , AAAAAA (SEQ.ID.NO. 21) 
was a linker comprised of 6 alanines and eKbP was Lysinc-boroProlinc in which the 6- 
amino of Lysine is covalently attached to the -COOH terminus of 
HSLGKWLGHPDKFAAAAAA (SEQ.ID.NO. 23). Tlic first synthetic step was to order a 
custom peptide from a synthetic peptide lab. Using long established protocols, the peptide 
20 was built from the C-terminus staring with alanine which was immobilized on a resin. 
Sequentially AAAAA FKPHGLWKGLSH (SEQ.ID.N0.25) were added using protected 
amino acids. The peptide was then removed from the resin to give a free -COOH terminus 
which could be reacted to form a peptide bond. The other residues 
HSLGKWLGHPDKF AAAAA (SEQ.ID.NO. 24) were unreactive owing to protecting 
2.-5 groups. Lysine-boroFroline in which the a-NH, of Lysine was protected, the B(OH)j of 
boro Proline was protected with pinanediol. and the e-NH^ of Lysine was free was coupled 
to the peptide. Tlic coupling was a peptide bond (-(C=0)-NH-) formed by standard peptide 
chemistry techniques. The result was then deprotectcd to yield the final product 

The spacer linker consisting of six consecutive Ala residues was chosen to 
30 provide a span sufficient to permit crosslinking (-30A). 
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The proliferative effect of PLP-S-KbP on several different T r.u , , 
i and B7.2 Co.Un.uIa.oo' Molecule Activate DiffcrcnUy A.nim^ n 

antigenicPLP 3 0T nr , ^"-""^ ^ '^9-151 peptide and non- 

Tcl:r ''"^°"'~°""-*-'^=™-^^'3..,5Upccific 

or ail live 139-151 specific clones (sec Table 1 belnw. p , 
ranges from 100 to over 1000-fold wi.i, r ^" ^"^^^"^'^"^^"t 

over uuu lold. with respect to the concentration needed to nr.w 
given response. For example, against the first T cell h r / ^ ' 

. ™ ^ clone listed, 5B8G8Ffi HI 9 ni xx 

of PLP-S-KbP induces almos. double ihc ..ponsc U,a. a 1 00 fold , • "'^ 

PLP139-Ml„sdfu,duccs.forancntocemeMofataos.200.foId Similariv „ , 
2000.1bldc,U,anocn,c„„-,i„,„^i„^^^^ D9H10H6cr 
9 irun 1 . •i-'>'.i-li U.iI6 ceils since 0.1 uM of PLP 

S-KbP produces almost double the response a 1 OOO-fold h.oi 

151 itselfinduces. ^''^ ^^^^^'fih^r concentration of PLP 139- 

These results indicate that a low molecular weiaht svnth..;. , , 
tocrossIinlcCD26andtheTCR,eg PLP S KbP . '^""^^^'^ '""^-"^^ designed 

^eTcellreceptorrecogni.edai;tig:: '^^'^'^"^^^^ 



TABLE 1 

PROLIFERATIVE EFFECT OF PLP-S-KBP ON SEVERAL 
T CELL CLONES SPECIFIC FOR PLP 139-151 



Dpse (flM) 



Anticcn 


100 


m 


i 




Clone 


PLP-S-KbP 


34,716* 


53,628 


22,022 


15,171 


5B8.G8.E6.H12 


PLP 139-151 


41,073 


9,176 


349 


106 




PLP 103-1 16 


143 


74 


226 


124 




PLP-S-KbP 


31,635 


17,516 


2,527 


681 


SPL.C1.H2.F2 


PLP 139-151 


809 


400 


107 


423 




PLP 103-11 6 


150 


479 


123 


238 


• 


PLP-S-KbP 


17,608 


15,753 


8,580 


3,688 


(4E3.B11.- 
D9.HI0.H6) 


PLP 139-1 51 


1,932 


534 


125 


318 




PLP 1 03-11 6 


274 


224 


559 


178 




PLP-S-KbP 


36,686 


26,410 


7,738 


175 


2E5.G10.G5.E5 


PLP 139-151 


1,506 


70 


288 


101 




PLP 103-1 16 


107 


60 


434 


307 




PLP-S-KbP 


43,999 


35,521 


8,202 


187 


7A5.F10.G1] 


PLP 139-151 


2,324 


406 


222 


117 




PLP 103-116 


124 


117 


314 


556 





♦^H counts 
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. 94 03 ,„ induce A«oc,a.,„n Bowcen CD26 Receptor and 4= T Ceil 
i>urfacc Receptor (TCR/CD3) 

The Moth Cytochrome C fMCC^ 94- J m „o.,f j - 

/ »,„,cd..i.i„.„,i„„. Mcc™d":r;::or.""^^^^^^ 

whea added ,o c„„u:« of tte .„„-„e 2B4 T i I h ^ " ^ 

Molecular comDonenKnfT^^ii el al., 

omponentsofT-cellrccognmon,^«„,,^,,.;,„„„^^^ 835-873 ri 9Q.^^ 
Because residues critical for MHC and TCR hin^- . ^ 

^"--.co„pied.o.ci..cj;™tpur^^^^""^"^ 

-c,c„,...ed,o,i..L...ojr:epr; :r 

moaodoiogieswereemolovM -n.- ° "^^^ P^""*- S<andard coupltog 

E cs were employed. This molecule ,vas designated KbP-S-MCC ,„ •« 
couplmg to ihe N tcraiinus. ° "8""^ 

Rg. 9 compares the cflec. of ,|,ebivalcnl,dimcricKbP-SMrr> , , 
94-1 03 it^if on ,I..2 producUon in 2B4 ceils The 2B4 T n k '''^'^ 
-pons, to moth c..och.meCpepUd=^ oI t . """'^-^ - 

----u.econtestpointsJtinMci™:::::^^^':^^ 

yorge,.en, J.L.. ot al.. "Molecular component, of T eel 

10, 835-873 (1992)). «="Sn,Uo„." 

' ^''''°'="="'«<:''l"'rcdatlO'VwellwiUiH.2«APf. a 

conccnu-ations of KbP-S-MCC and MCC itself ZZ^ " ^'^ ^""^'"^ 

-vcsteda„d,heii,-2con.e„.dc.cnni„edi„ hlZ;^^^^^^^^^^^^ 
-=n,an„erasp.Wousi.desc„b=dfor.beP.Ppep,il™-""'^'°- 
T1.C results dcmonstmtc that coupling Lys-bon„.r„ to MCC *onulv , 
response to tl,e antigenic MCC peptide. Even at d,c ,„ ^ ^ 

.i.= a.a>tim„m response ob.,ned;ith.h;cc:ri~"'"'"°""^ 

i..-gh« concentration (s-ec Fig 9) -lO-fold ' 
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These results indicate that a low molecular weight synthetic molecule designed to 
crosslink CD26 and the TCR, e.g., KbP-S-MCC, strongly enlianced the T cell response to 
the T cell receptor recognized antigen. 

III. Synthesis of Lys-boroPro Linked to Other Peptides to Induce Association 
5 Between CD26 Receptor and the T cell Surface Receptor (TCR/CD3) 

This example describes the synthesis of a preferred binding moiety-reactive group 
(Lys-boroPro) to certain peptides (e.g., PLP peptides, MCC peptides). It is contemplated 
that the procedures also can be used for synthesizing compounds in which Lys-boroPro (or 
an alternative) is coupled to a tumor antigenic peptide or an antigenic peptide of infectious 

10 disease. Other hetcrodimcrs comprising various derivatives of the PLP or the MCC 

peptide, which were previously shown to be antagonistic, will be prepared and studies will 
be performed to determine if linking these peptides to Lys-boroPro enhances their 
antagonistic activity or transforms them into an agonistic molecule. 

Also, tetanus toxoid peptide P2 is of interest because it provides a test system 

15 involving human peripheral blood mononuclear cells (PBMC) (Wysc-Coray, T., ct al., "Use 
of antibody/peptidcs constructs of direct antigenic peptides to T cells: evidence for T cell 
processing and presentation," Cellular Immunology, 139(l):268-73, (1992)). It has been 
shown that tetanus toxoid peptide P2 peptide induces a response in all HLA haplotypes 
tested so far (Panina-Bordignon, P., et al., "Universally immunogenic T cell epitopes: 

20 Promiscuous binding to human MHC class II and promiscuous recognition by T cells," 
Eur. J. Immunol 1 9, 2237-2242 (1989)). Thus, bivalent, helerodimers of Lys-boroPro 
coupled (linked) to the P2 peptide of tetanus toxoid will be prepared. Different spacer 
linkers of varying sizes will be tested to determine the optimal length to be used with this 
peptide. Tlic coupling chemistry needed to produce the bivalent, heterodimer, Lys-boroPro 

25 linked to tetanus toxoid peptide P2 peptide, is the same as described above. 

Additionally, other molecules capable of inducing the association between CD26 
and the T cell surface receptor, e.g., TCR/CD3, can be prepared by coupling Lys-boroPro 
or other binding moiety to the C terminal or N terminal functional group of dififerent 
" peptides known to bind to the T cell receptor in tlie context of class II MI-IC receptors. 
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toU Of a. dccHbcd above and which ,Wv= .^,-,.^„^a.d ..anda^ popT 

SURFACE RECEPTOR ^ ^ '^'^^l' 

ItocrobivalcM compounds co„laim„g Xaa-boroPro dcsfcncd .o i„H 

^.wec„d,cCD2..cop.ora„d^eC04.ccp.o..soca„b ; TT 

0 .0 bind ,0 CD4. C.S., pepUdc. derived from fte HIV-, OP ,20 

X~,o.bc„bicb,„.C.,e.,,..^^^^^^^^^^ 

^cep.o..dio.b.j.;;„::;:::::r:~^^^ 

-...«.3.,5.0.OPaS),Ki.,.^,e,a.,..c,..,^ 
encic„c.vi^,pe,„.^^^^^^^ 

pcpt.de antigen,. .PNAS(U^.A0 90. 6325-5 (1 9S>3J, '"•"^VJIoop 

co*g,...bo.pr;:;:p;i 

.oup.de.eribedi.e„i„c.ri:::;^^^^^^^ 

cmbodimem. '° ^ ^^'c^Uve 
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IIETEROBIVALENT COMPOUNDS DESIGNED TO 
INDUCE ASSOCIATION BETWEEN CD26 AND 
OTHER T CELL SURFACE RECEPTORS 

5 Mclcrobivalcnl compounds containing Xaa-boroPro designed lo induce association 

between the CD26 receptor and other T cell surface receptors, e.g., granulocyte colony 
stimulating factor, can be prepared. 

For example, cytokine granulocyte colony stimulating factor (G-CSF or granulocyte 
macrophage colony stimulating factor, GM-CSF), is produced by T cells and macrophages 

10 and binds to its own receptor on the T cell surface (the granulocyte colony stimulating 
factor receptor). A bivalent, heterodimcric fomi of granulocyte colony stimulating factor 
could enhance the potency of granulocyte colony stimulating factor by stimulating growth 
or differentiation or both in cells of myelomonocytic lineage. Tliis compound can be 
prepared by using standard coupling methodology to couple granulocyte colony stimulating 

15 factor to J.ys-boroPro. Also, different spacer linkers of varying sizes will be evaluated to 
determine the optimal length for inducing the association between CD26 receptor and the 
receptor for colonj' stimulating factor. 

Stem cell factor (c-kit ligand) is essential in stem cell development and binds to the 
stem cell factor receptor on T cells. In B cell development, CD44 binding probably has no 

20 direct signaling function, but instead promotes the binding of a receptor known as c-kit. 

L>ymphoid progenitor cells and early pro-B cells bind to hyaluronic acid on stromal cells via 
CD44, promoting the binding of their surface c-kit tyrosine kinase to stem cell factor (SCF) 
on the stromal cell surface, activating the kinase and inducing proliferation. A bivalent, 
heterodimcric form of stem cell factor, e.g., by coupling to Lys-boroPro, should enliance, 

25 the potency of SCF. 

Lys-boroPro-SCF, hcterodimeric compound can be prepared by using 
methodologies similar to that described above. Different spacer linkers of varying sizes 
will be tested to determine the optimal length for inducing the association between CD26 
receptor and the receptor for stem cell factor. 
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LlmCED tS^S AM^A"^'''^ COMPOUND 

coiipJed to "protected" PfP in .r • ^ °'''°'ysis, e.g., Xaa-boroPro 



5 



'0 Evolution has ensured the almost exclusive occurrence nf r • 

naturally occu^ing proteins. Virtually all proteases ZT 

adjacent L-a.nino acids- tl.us anific J , " ''''''' ''^'^^^ ^^'--^ 

--'--anttoprotC:::^^^^^ 

. ^-•--^---->o.iologi:i:^^^^^^^^^^ 

15 means Uiat such proteins rnnno. • , - ^'"''"'"^ »"ade of L-amino acids 

-^'^ biologic^ offoc. 0. 

Linear modified n:„o-pcp,ide slructurcs have been s>udl«d f„ , 
(Goodman. M elal o.,y.r- , for a Ions time 

1. M.. ot al.. On the Concept of Linear Modified Retro-PemiH, „ 

- designated to inci.de an i.on,eri„ wi^ch ti,e dLZ fT 

compared witltttepa^nt peptide Bv"., '"'vet.ed 

pcpUdei„„,...J,J:l=;~^^ 

acid rc.,id„e is inverted- ,i,us thl T " ""^ ^"^"^ 

Mo.reee„ti.j:r:c::.::rr~^ 
-..cc..cep,or,.eo„.i„.,t.j.:;:r^^ 

Sinailli (Jameson et al., A rationally designed Cm , iUiliUmein 
Peptide, y/a/z/re. 368. 692-693 (1994). Th. . . ^^^-^^^'^^^ on a 
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cxchanged, while the position of the side-chain groups at each alpha carbon is preserved. 
Jameson ct al. reportedly demonstrated an increase in biological activity for tlicir reverse D- 
peptide, which contrasts to the limited activity in vivo of its conventional all-L enantiomer 
(owing to its susceptibility to proteolysis). 
5 A partially modified retro-invcrso pseudopeptidc has been reported for use as a non- 

natural ligand for the human class I histocompatibility molecule, HLA-A2 (Guichard et al., 
Partially Modified Rctro-Tnvcrso Pscudopcplidcs as a Non-Natural Ligands for the Human 
Class I Histocompatibility Molecule HLA-A2, J. Mad Chem. 39, 2030-2039 (1996)). Tlie 
authors report tliat such non-natural ligands had increased stability and high MHC-binding 
10 capacity. 

Rctroinvcrso peptides for incorporation in the compounds of the invention (e.g., as 
P2 peptides in the compound shown in formula I of the Summary of the Invention) are 
prepared for peptides of known sequence in tlic following manner. A peptide having a 
known sequence (e.g., a tumor antigen peptide) is selected as a model peptide for designing 

15 and synthesizing a rctroinvcrso peptide analog. The analog is synthesized using D-amino 
acids by attaching the amino acids in a peptide chain such that the sequence of amino acids 
in the rctroinvcrso peptide analog is exactly opposite of that in the selected peptide which 
serves as the model. To illustrate, if the peptide model is a tumor antigen such as the 
MAGE-1 peptide Al (formed of L-amino acids) having the sequence, ADPTGHSY, the 

20 rctroinvcrso peptide analog of this tumor antigen (formed of D-amino acids) would have 
the sequence, YSHGTPDA. The procedures for synthesizing a chain of D-amino acids to 
form the rctroinvcrso peptides arc known in the art and are illustrated in tlie above-noted 
references. 

Since an inherent problem with native peptides is degradation by natural proteases, 
25 the hclcrobivalent or hctcromultivalcnt compounds of this invention will be prepared to 
include the "retro-invcrso isomer" of the desired peptide. Protecting the peptide from 
natural proteolysis should therefore increase the effectiveness of the specific heterobivalent 
or hctcromultivalcnt compound. 

The protocol given in Example 4, Section 1, for synthesizing PLP 139.-1 5 1 -KbP can 
30 be used, with some modifications as necessary, to synthesize tlie retro-invcrso containing 
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heterodivalent compounds described above The Drin^.rv 

inExa™p,c4,Sec«o„,. "^""^='"''°'"''°"°"=''=" "escribed pxcviou^ly 

A Weher bidosical aclivity is predated a„ . 
When compared .„ u,e non-re„.-i„vc.„ eonuinil a 7 
de..da,i„„ by „.,ive proteinases. ' '° 

To determine the optimal linlcer molecule segment canable of . • 
association of one cell surface CD7r of mducmg the 

surface CD26 receptor with another cell surface Cmr 

inolcculcs which have virioiK , , "^^cussion). fhis includes linker 

.o.-c™i„.e.b„;~:;'~^^ 

/ ^"^""P^'^-e-' ethylene glycobissuccinatc 
The corresponding span ofthe binding sites form. 
» «e«ibi,i.b.is«.bonU^t^^^^^^^ ■ 

moleeules designed for eonsm,eUnsU,elK>n,„b- , »«"inJccr 
invention wi„ ftU wi,„in Jll impounds of 

«,ro..o.3oi:rT„7;:" 

- conseenuve A,a residues used nbove, J ^7 ' 
^Pacer believed . be suffieien. ,o erossiinSr 

Mroeorbonofsinn Wiensm. """'"""^"■'^ 'n-V.. cta> 
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A. Background on Applicable Linker Molecules 

Chemical cross-linkers are valuable tools for scientists and are discussed in 
numerous books and catalogues, e.g., Pierce Catalog and Handbook, Rockford, 111. These 
reagents arc used to assist in the determination of near-neighbor relationships in proteins, 

5 three-dimensional structures of proteins, enzyme-substrate orientation, solid-phase 
immobilization, hapten-carrier protein conjugation and molecular associations in cell 
membranes. They are also useful for preparing antibody-enzyme conjugates, 
immunotoxins and other labeled protein reagents. 

Conjugates consisting of more than two components are difficult to analyze and 

10 provide less information on spatial arrangements of protein subunits. The number of 
components should be kept low or to a minimum. Like many applications, it is necessary 
to maintain the native structure of the protein complex, so cross-linking agents often 
employ functional groups that couple to amino acid side chains of peptides. Bifunctional 
■ reagents are classified on the basis of the following: 

15 Functional groups and chemical specificity 

2. Length of cross-bridge 

3 . Whether the cross-linking groups are similar (homobifunctional) or different 
(hetcrobi functional) 

4. Whether the groups react chemically or photochemically 
20 5. Whether the reagent i.*; clcavablc 

6. Wliether the reagent can be radio-labeled or tagged with anotlier label. 

Reactive groups that can be targeted using a cross-linker include primary amines, 
sulfliydryls, carbonyls, carbohydrates and carboxylic acids (to be discussed below). In 
addition, any reactive group can be coupled nonselectively using a cross-linker such as 

25 photoreactive phenyl azides. 

Cross-linkers are available with varying lengths of spacer arms or bridges. These 
bridges connect the two reactive ends. The most apparent attribute of the bridge is its 
ability to deal with steric considerations of the moieties to be linked. Because steric effects 
dictate the distance between potential reaction sites for cross-linking, different lengths of 

30 bridges are required for the interaction. Normally, a cross-linker with a short spacer arm 
(4-8 A) is used and the degree of cross-linking is determined. If this is unsuccessful, a 
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linker conW„i„g . longer space a™. ^ " 

Many faclora iiiusi be comidcrcd lo dclerm.n ,• 

i= desi^d ,o increase .,c i„..„ J,,, ~ 

conjugating to an antfhnHv '^ity of the antigen. However, when 

numerous target groups, a lower cross linl^nr , • 

"..-o.„.ar.c.s,a..r:i~ 
.~.e.„„_«er.r.™....,~^^^ 

may b= desirable when ,hc col^rl^ r ^"""^ 

-.^cc„„eava„ab,e:::::::::""^™""^---'----^o 
-ou..a.-„es,s..ydr.sor.acuo!: 

sources. ^ ^'^^^''''^'^ ™any commerciaJ 



25 B. 



Homohifimrfional rmce-;f^|,pr- 



HoiHobifunctional cross-Jinkcrs hnv,. nf i» . . 

o-.n.^„sedi„a„„e-s.cp.aca„„Ziri!:~^ 

mixed, and :.e eross-iinker is added .o ..e sll ^ ^ 

in -f-=o„j„ga.i„„, in,ra„.o,ccn,ar cro.sll!" 'r^'""^"' ""^ 

^'"'^'"C «Tid/or polymcrij^ntion. 
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1. Primnrv ATnine-Reactive Groups 

There arc two major types of homobifunctional imidoesters and homobifunctional 
N-hydroxysuccinimidyl (NHS) esters. Commercially available homobifunctional 
imidoesters range in size from about 8 A to about 1 1.9 A. Commercially available 
5 homobifunctional N-hydroxysuccinimidyl esters range in size from about 6.2 A to about 
16.1 A. 

Because primary amines are commonly found in proteins, homobifunctional NHS 
ester cross-linkers are the most commonly used conjugation reagents. Both yield stable 
derivatives. 

10 2. Sulfhvdrvl-Rcactivc Groun 

Maleimides, alkyl and aryl halides, a-haloacyls and pyridyl disulfides are thiol 
reactive groups. These reagents react faster with sulfhydryls, making them thiol-selective. 
Maleimides, alkyl and aryl halides, and a-haloacyls react with sulfhydryls to form thiol 
either bonds. Pyridyl disulfides react with sulfhydryls to produce mixed disulfides. The 

15 pyridyl disulfide product is cleavable. 

3. Nonselective Group 

A nonselective homobifunctional is useful for conjugating functional groups, such 
as hydroxyls for which specific cross-linkers are not available. 

An example of a nonselective homobifunctional cross-linker is BASED (Product 
20 #21 564 Pierce Co.). This cross-linker has a long spacer arm and 2 aromatic rings which 
makes it very hydrophilic with a limited solubility in aqueous systems. This cross-linker 
also has a large diffusion capacity and should permeate membranes before conjugation 
initiates. 

C. Heterobi functional Cross-linkers 
25 Heterobi functional cross-linkers possess two or more different reactive groups that 

allow for sequential conjugations with specific groups of proteins, minimizing undesirable 
polymerization or self-conjugation. Helerobifunctional reagents frequently are used when 
modification of amines is problematic. Amines may sometimes be found at the active sites 
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D. Rcnctivitics nfnirrcrcn f Chemical Groups 

1. • Tmidncstcr Cross-linkers 

Imidocster homobifunclional cross-linkers were among the first used to immobilize 
proteins onto solid-phase supports. They were used extensively for the study of protein 
5 structure and molecular associations in membranes. Although these cross-linkers are still 
used in protein subunit studies and solid-phase immobilization, they have been steadily 
replaced by the more stable, more efficient homobifunctional NHS-ester cross-linkers. 
Homobifunctional imidoesters maintain the net electronic charge on protein after cross- 
linking. Spacer arm lengtlis range from about 8.6 A to about 1 1 .9 A. Imidoester cross- 
10 linkers react rapidly with amines at alkaline pH, but they have short half lives. 

Imidoesters are also very useful for protein-protein cross-links. These cross-linkers 
can penetrate cell membranes and cross-link proteins within the membrane to study 
membrane composition, structure and protein-protein and protcin-lipid interactions. 
Imidoesters are also useful for oligomer formation. For example, cross-linking proteins to 
15 form oligomers may reveal if a bivalent, dimeric or trimeric form of the protein is 
responsible for activity. 

2. N-Hvdroxvsiiccinimide-H ?:ters rNHS-esters^ 

NHS-cstcrs yield stable products upon reaction with primary or secondary amines. 
Coupling is efficient at physiological pH, NMS-cstcr cross-linkers arc also more stable in 
20 solution than their imidate counterparts. Homobifunctional NHS-ester conjugations are 
commonly used to cross-link amine-containing proteins in either one-step or two-step 
reactions. 

Primaiy amines are the principle targets for NHS-cstcrs. Accessible a-amine 
groups present on the N-termini of proteins react with NHS-esters and form amides. 
25 However, because a-amincs on a protein arc not always available, the reaction with side 
chains ofamino acids become important. While five amino acids have nitrogen in their 
side chains, only the e-amines react significantly with NHS-esters. A covalcnt amide bond 
is formed when the NHS-ester cross-linking agent reacts with primary amines, releasing N- 
hydroxysuccinimidc. 



wo 98/00439 



-72- 



PCT/US97/11279 



10 



l='«idin« or methionines. Maic,m,des do not react wiu, tyrosines. 



b. Hnln.if'ff^Yi^ 



TJie most commoii used a-Haloacrfvi. 

PH.T.er.ctio„or..i„doaee.;Z;::;~""'^^'«"-"''^^^^^^^^^ 
--■-■ononodi„e,„i..J™j;^^^^^ 

^"l%dr„^„p, J '^'O'*" linkage. Seieetivity for 

--on„doace..,,ro„pLi;;relTT°"™^'''^'^''-"'-^^^ 

-c, wim oU,era„,i„o acids »"">'='<'^'». «.eiodoacc,„ ^ 



g^Pvridvl n.-c.ifirfr- 



^'yridyj disuifides react vvitJi fh^ri . 

'^='=----"-"-"^x<-.i«™„psi:"'=~-^--..ss. 



4. 




Carbodumtdes couple earboxyb 



ron^aUonoran-ideorM^zone I ;::77"=^"''^^----'«".in 

-io.i„.at„„cross.brid.cis.,.edC:t::T^ 

orproteins can be ta^cted. as «11 as .ll^ra ' '""^"^ 
P-cnee o.e.eess cs^linicr, Pol« Jt^;''""; ^s. ^ 

-o..,sanda,ni„es.Kocross.brld.is.oJ, r^^^^^^ 



protein. EDC (Pierce Co.) reacts with carbocyclic acid group and activates the carboxyl 
group, allowing it to be coupled to the amino group (R^NHj) in tlie reaction mixture. 

5, Nnn<:clectivc Labeling: Arvlazides 

A photoaffinity reagent is a compound that is chemically inert but becomes reactive 
5 when exposed to ultraviolet or visible light. Arylazides are photoaffinity reagents that are 
photolyzed at wavelengths between 250-460 nm, forming a reactive aryl nitrcne. The aryl 
nitrenc reacts nonsclcctivcly to form a covalcnt bond. Reducing agents must be used with 
caution because they can reduce the azido group. 

6. Nonselective Labeling 

10 a. Arpinine Specific Cross-linkers 

Glyoxals arc useful compounds for targeting the guanidinyl portion of arginine 
residues. Glyoxals will target arginines at mildly alkaline pH, There is some cross- 
reactivity (the greatest at higher pH) with lysines, 

b. Carbonvl Specific Cross-Linkers 

15 Carbonyls (aldehydes and ketones) react with amines and hydrazides at pH 5-7. 

The reaction with hydrazides is faster than with amines, making this useful for site-specific 
cross-linking. Carbonyls do not readily exist in proteins; however, mild oxidation of sugar 
moieties using sodium metapcriodate will convert vicinal hydroxyls to aldehydes or 
ketones. 

20 7. Applications for Use of Cross-linkers 

a. Cell Surface Cross-linking 
To ensure cell-surface specific cross-linking for identification of surface receptors 
or their ligands, it is best to use membrane-impenneable cross-linkers. In the past, 
researchers used water-insoluble cross-linkers and carefully controlled the amount of cross- 
25 linker and the cross-linking duration. This prevented penetration of the membrane by the 
cross-linker and the cross-linking duration. This prevented penetration of the. membrane by 
the cross-linker and subsequent reaction with membrane proteins. Many references cite tlie 
use of membrane-permeable cross-linlccrs for cell surface cross-linking. 
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Various cross-liiikers with differing spacer arm lengths can be used to cross-link proteins to 
associated molecules within the membrane to determine the distance between molecules. 
Successful cross-linking with shorter cross-linkers is a strong indication that two molecules 
are interacting in some manner. Failure to obtain cross-linking with a panel of shorter 
5 cross-linkers, while obtaining conjugation with die use of longer reagents, generally 
indicates that the molecules are located in tlie same part of the membrane but are not 
interacting. Homobi functional NHS-esters, imidates or hctcrobifunctional NHS-csters, 
photoactivatablc, phenyl a2adcs are commonly used for these procedures. 

8. Tmmunotoxins 

10 Specific antibodies can be covalently linked to toxic molecules and then used to 

target antigens on cells. Often these antibodies are specific for tumor associated antigens. 
Immunotoxins are brought into the cell by surface antigens and, once internalized, tliey 
proceed lo kill Ihc cell by ribosomc inactivation or other means. The type of cross-linker 
used to majcc an immunoloxin can affect its ability to locate and kill the appropriate cells. 

1 5 For immunotoxins to be elTectivc, the conjugate must be stable in vivo. In addition, once 
the immunotoxin reaches Its target, it is important that the antibody be separable from tlie 
toxin to allow the toxin to kill the cell. Thio-cleavable, disulfide-containing conjugates 
have been shown to be more cytotoxic to tumor cells than noncleavabic conjugates of ricin 
A immunotoxins. Cells arc able to break the disulfide bond in the cross-linker, allowing 

20 the release of the toxin within the targeted cell. 

9. rnri icr Protp.in-Hnpten /Peptide/Polvpeptide Coniucates for Use as 
Tmmunogens 

Companies, e.g.. Pierce Co., offer products in tliis area of immunological research. 
Easy-to-use kits are available for coupling ligands using several different chemistries. 
25 There are many cross-linkers used for the production of these conjugates, and the best 
choice is dependent on the reactive groups present on the hapten and the ability of the 



wo 98/00439 

i*CT/US97/H279 



iiaptcn-carrier conjugate to fijn.r 
3 coujuEalos nft„ also be u,,h , 

-keel .0 pcpudo. f""cUoaal ^roup ^ 

'rotews,pepUde5 and otter moi , 

;;^--..ppo.„.r;r:r::;~--"-^^^^ 

2---l,.,„n=pi«=s„.ba,l,p„„„,;7^„y'^ 

« -.e.b.„e „a,=„-a,, ■> ^'-^ ^i.dc. and „,WiMo.e „. 

'"—■«.-o„.p„^d3o.le 
= «mpfcn,e„, ^ """"POMd Witt aso/;w 

oncanotterjr "''°^™'"'=«™-dtteJjr 



canbciinJcedto 



"wo 98/00439 rCT/US9 7/11279 

-77- 

moiety during synthesis and positioned at a sufficient distance from the reactive group 
which binds to the target protein to avoid unwanted steric hindrance by the solid-support in 
the reaction between the compound and its target protein. Alternatively, the compounds of 
the invention can be immobilized via a functional group in the linker molecule to a solid- 
5 support. Thus, for example, the linkers which arc used in this aspect of the invention can 
include, in addition to the first and the second linker reactive groups for binding to the first 
and the second peptide binding moieties, a further functional group for binding to the solid 
support. Trifunctional molecules of this type are illustrated in Example 1 1. To prevent 
side reactions^ it is preferred that the linker reactive groups that arc used for coupling the 

10 linker molecule to the peptide binding moieties be different from functional groups that are 
used for coupling the linker to the solid-support. Such functional groups can be introduced 
into the linker molecules at any time during or after the synthesis of tliese molecules. 
Tlius, in general, the same types of functional groups, protection/deprotection reactions and 
reagents, and reaction conditions that are established in the art for using linker molecules to 

1 5 couple, e?g., proteins or peptides to one another or to solid supports can be used for 
immobilizing the compounds of the invention to a solid support. 

1 1. ProteiivProtein Conjugates 

One of the most widely used applications for cross-linkers is the production of 
protein-protein conjugates. Biological assays require methods for detection, and one of the 

20 most common methods for quantitation of results is to conjugate an enzyme, fluorophore or 
other molecule to a protein that has affinity for one of the components in the biological 
system being studied. Antibody-enzyme conjugates (primary or secondary antibodies) are 
among the most common protein-protein conjugates used. Secondary antibodies are 
relatively inexpensive and are commercially available. 

25 Listed below is a representative sampling of commercially available cross-linkers, 

e.g., from Pierce Catalog and Handbook, Rockford, 111. Tlic table also identifies which 
group the linker is reactive towards, e.g., sulfliydryls, carboxyls. 
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PREVENTION OP CYCLIZATION BYDESIGNING A COMPOIINn 
CONTAINING AN OLEFIN GROW 

m Ihis &™,pte, Xaa-bo^Pro analog, contoiaing an olefin g„up e g a 
^ flu„ wiU be con.,.c.=d .o p.v=n. c^ll^<,„ ^ bioIo^JacHvi,,. T,. 
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an olefin eontaining eon,po.nd ve.„s using a compound ,ha. does no. contain an olefin. 

The mventors tovc previously shown ftat synU>eUc diastcreo„,eric monomerio 
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acid in the opening reaction. The cyclic stracture is quite stable in aqueous solutions of 
high pH. 

Prolonged incubation at high pH never leads to tlie complete disappearance of DP 
IV inhibitory activity for any of the Xaa-boroPro compounds examined. This observation 

5 was the first evidence that the active inhibitor was in a conformation equilibrium with a 
non-inhibitory species ratlier than undergoing an irreversible inactivation. The half life for 
the reformation of the open chain species from the cyclic structure is surprisingly low. 
Thus, the loss of inhibitory activity in aqueous solution was due to a pH dependent 
conformational equilibrium rather than a degradation reaction. 

10 The fact that the inhibitory activity docs not go to zero for any of the Xaa-boroPro 

inliibitors, even after prolonged incubation, together with the fact that the reverse reaction, 
i.e., cyclic to open chain is slow, suggested that "it should be possible to measure the 
equilibrium constant for the conformation equilibrium by measuring the apparent Ki at 
equilibrium and comparing it with the true Ki. 

15 It hgs been demonstrated that the ratio of [cyclic] : [open] forms, at neutral pH, is 

156:1 for Pro-boroPro and 1130:1 for Val-boroPro (W.G. Gutheil and W.W. Bachovchin, 
Separation of L-Pro-DL-boroPro into Its Component Diastereomers and Kinetic Analysis 
of Their Inliibition of Depcptidyl Peptidase IV. A New Method for the Analysis of Slow, 
Tight-Binding Inliibition, Biochcmisiry 32, S723-S73 1 (1 993)). This means that less than 

20 1% Pro-boroPro and less than 0.1% of Val-boroPro exists as the open chain, inliibitory 
species, at equilibrium at pH 7.0. Nevertheless, under these conditions the inhibitors 
behave as though they had Ki's of 2.5 nM and 1.8 nM respectively. This apparent Ki of tlie 
"fully inactivated" species is still substantially better than, (-1000-fold) that of otlier 
inhibitors of DP IV thus far reported. 

25 2. Background Informatio n on Olefin Contninino Compounds 

Previously, fluoroolefm peptide isostercs have been used as tools for controlling 
peptide conformations (Boros, L.G., ct al Fluoroolcfin Peptide Isostercs - Tools for 
Controlling Peptide Conformations, Tetrahedron Letters, 35(33), 6033-6036 (1994)). 
Fluoroolefm containing dipeptidc isostercs have also been shown to be effective inliibitors 

30 • of dipeptidyl peptidase IV (CD26) (Welch, J.T. ct al Fluoroolefm Containing Dipcptide 
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'alternativc non-boronyl group, olefin-containing compounds can be performed using the 
synthesis procedures identifcd above in reference to the Ferring published PCT application. 

The syntlicsis protocol involves three reactions. In the first reaction, compound (a) 
is converted to compound (b) using the reaction conditions set fortli in Welch, J. et al., 
5 Tetrahedron 52:291-304 (1996). In the second reaction, compound (b) is converted to 
compound (c) using the reaction conditions set forth in Tiiley, J.W. ct al., J. Med. Chem. 
34:1 125-1 136 (1991). In tlie third reaction, compound (c) is converted to the fluorolefm- 
derivative compound using the reaction conditions set forth in Lipshultz, B.H. et aL, J. Org. 
Chem. 54:4975(1989). 
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no fluo«,oIofi„ aaaloes of X^-boroPros will bo comparod to Xa^-boroPros by 
mc^unn, po,c„c, of i„bibi,i„„ of CD25p.o.ci„as= acivi,,. Th= .Wnodulato/ 
cffcc. of fl„„™j=& conuidng analogs wi,, be cva,ua«d by i„ vivo =xperto=„^ 
u.,ns an.mal models and i„ vi,ro ^pcnn^^ ^ins eel, eul.u.. Tl>e ee,, cultee 

' eroZb!'r°'''°"r"°'"'"°^ 

cells ol i/mphoid ongin, or both. 

EXAMPr,!? ) n 
SYNTHESIS OF FLUORESCENTLY LABEI.r.Fn 
MONOMEIUC DERIVATIVES OF LVS-^ROPRO 

used .0 Tr^"r - ^= ~ and 

ed .0 de.en.,„e .f Lys-bo™P„ i„,„,^ i„,„^„^,,„„ 

riuoreseenee ^ieroseopy can be used .o monitor inlereellular uaffieidng of CD2e ' 

Wroaeh is directly couple the side chain amino group of mo„o,nerie 

™~-=r,oafu„c.onaUrouponafluorcscentn,o,eeulesuchastbe 
.oUnoeyanate of fluoreseein isothiocynate (FITC). Lys-boroPro can be linlced to PITC 
e.ll.er directly or through a spacer linker molecule. 

Another labelling approach is to Utile the side chain anutto group of Lys-boroPro to 

r(i7,0 0-68,000 dalton.. Each subunit binds one molecule of biotin. and studies have 

^aownthatttyptophanandlysineareinvolvedinthebindingsitefor^lotin-^r 
3e,uenct„gof.hesubunltindicatesiteonsistsofl2Sami„eacids. Avidinhasan 
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has no carbohydrate aiid has an acidic isoelectric point of 5. Streptavidin is much less 
soluble in water than avidin and can be crystallized from water or 505 isopropanol. 

Advantages of this approach over thcabove approach include: (1) the biotin-avidin 
system is well developed, well described and has been successfully utilized for the type of 
work proposed herein in many other systems; (2) improved flexibility because a large 
number of reagents are commercially available for use in this system: (3) improved 
sensitivity because this system provides for amplification of the signal from the 
biotinylated moiety (e.g., tlie biotinylated Lys-boroPro can be rendered fluorescent by 
reaction witli either avidin (or streptavidin) conjugated cither to a fluorochrome such as 
FITC or conjugated to an enzyme such as horseradish peroxidase). Avidin-FITC conjugate 
has many FITC groups per avidin molecule compared to only one of the first approach 
described above. The avidin-enzyme conjugate approach provides a large amplification 
owing to the many molecules of substrate converted to detectable product per avidin 
molecule. 

NMiydroxysuccinmide biotin (NHS-biotin, available from Pierce Company) reacts 
readily with free primary amines to form a biotin conjugate linked with a peptide bond. 
First, NHS-biotin, and NHS-LC-biotin (which has a 22.4 A spacer arm to separate biotin 
from the amino group of tlic molecule to which it is to be conjugated) is linked to the side 
chain amino group of Lysine of Lys-boroPro, and these molecules are characterized as to 
their ability to inhibit DP IV and their ability to serve as a detection tool for Lys-boroPro- 
protein complexes using the avidin detection systems. 

Each of the compounds prepared as described above can be purified to homogeneity 
using HPLC and its identity can be confinncd by NMR spectroscopy, amino acid 
composition, or mass spectroscopy as deemed neccssarj'. 

EXAMPLE 11 
SYNTHESIS OF FLUORESCENTLY LABELLED 
BIVALENT AND MULTIVALENT DERIVATIVES OF LYS-boroPRO 

Fluorescently labelled dimeric and multimcric derivatives containing prefenred P'R' 
monomers (e.g., Lys-boroPro) can be prepared and used to determine if bivalent and 
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.Wa,=„, d=riva.iv« Of. eg., l.„ro. can induce assrcgauon and i„.c.naIiz.u-on of 
cells surface CD26. 

Producing sud, n,o.ecu,cs can be accomplished in .vcral ways. One way is ,o use 
a .rfuncuonai moiecuie of fte .ype i„us...ed below. Wi* appropriate chen^cal 
methodology, .he carb„.y,a,e groups can be coupled to Lys „o,=a,Ies wMe the 

a„up can be coupled to an FITC.olecule, or other iluo^phore, or n.orc preferably 
.0 b,o „ v.a a suitable length spacer. Trifunctional molecules of the type shown below 
available or can be synthesized relatively easily. 



are 



•0-C-(CHa-CH_(CI-«.-C.O- 

' I 1 

O -NH, o 

of the ™'"r/"" *° "° """""^ ^«™ard extension 

capproachdoscribcdabovef„rU.ebiva,e„,fon„s.A„„„,„,p,„,,,,^,^ 

°;''--''----f^=biotin-avidl„systen,.Avidl„hasfoursubunits,.^^^ 
.3 whtchhasabtof-nbindingsiteforbiotin. If fluorescent trimeric inhibitor a. needed 
n.„ be coupled toLys.bo™Proth.oughas„i.blelengU.spacer,t^^ 
Should ave an adequate ,cn„h spacer a„„ 22.4 A, The effect of various amounts of 

n.nbo,onrcc,lactivationandonce,lsurfaceC02.aggrcgaUo„^ 

» ... J. 

The compounds prepared as described above can be purified by HPLC and ,h • 

~canbec„„..™cdbyNMKspeet,oscopy,an,inoacLo.pol::r^^^ 
spectroscopy as necessaiy. on, ormass 



^ SV„O.Z.VS-BOKOP^S?,0.„.s™^ 

'-^^■'3"°'''° ""kcd to insoluble supports n,ay be useful for three teasons T, r 
.oractcr..^ 

P~l.fcrat,o„forco.parlsonwlthanalogo.e.peri.c„,s With solid phasein^olml: 
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anti-CD26 mAbs. Solid phase immobilized Lys-boroPro derivatives should induce 
aggregation of cell surface CD26, but differ from soluble, multimeric inhibitors in that they 
should prevent internalization, or at least internalization of inhibitor bound CD26. The 
second use is for determining if Lys-boroPro binds to proteins other than CD26 to an 
5 appreciable extent. The third use is to produce an affinity column for producing purified 
CD26 from various sources. 

The bi and multivalent compounds of tlie invention, as well as P*R' monomers (e.g., 
Lys-boroPro), can be immobilized on solid supports in many ways, each with certain 
advantages. Initially, solid state immobilized avidin togctlier with biotinylated Lys- 

10 boroPro can be tested because this approach offers substantial flexibility. Solid state 
immobilized avidin, e.g., linked to agarose, is commercially available (Pierce Chemical 
Co.) with avidin and can be obtained in both multimeric and in monomeric forms. The 
monomeric form is designed to allow for the removal and recovery of biotinylated proteins 
from the resin and therefore may be preferred for the second and third purposes described 

15 above. Thpre are, however, other ways to provide for the removal and recovery of 

biotinylated Lys-boroPro protein conjugates. For example, (i) high concentration of biolin 
may compete with and displace the biotinylated Lys-boroPro from the solid state 
immobilized avidin, (ii) free Lys-boroPro may displace the biotinylated inhibitor from the 
proteins, (iii) a biotin derivative with a cleavable group in the spacer arm can be used in 

20 preparing the biotinylated Lys-boroPro, (iv) lowering the pH to -4.0 will dramatically 

lower the affinity of Lys-boroPro for the active site of DP IV and tlius should allow elution 
of the protein from the resin leaving behind biotinylated Lys-boroPro attached to avidin 
(G.R. Flentke, et al.. Inhibition of dipeptidyl aminopeptidasc IV (DP-IV) by Xaa-boroPro 
dipeptides and use of tliese inhibitors to examine the role of DP4V in T-cell function, 

25 PNAS (USA) 88, 1556-1559 (1991); Bachovchin, W.W. et al.. Inhibition of IgAl 
proteinases from Neisseria gonorrhoea and Hemophilus influenzae by peptide prolyl 
boronic acids, J. of Biol. Chem. 265, 3738-43 (1990)). Diols, such as pinanediol or 
pinacol, can be added to the elution buffer to bind to and thus tie up the hydroxyl groups on 
the boronyl group. 
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-nt IIPLC and ... ,do.,.„j. ca., be confined by NMR spccu^scopy. amino acid 
composition. <,r mass spcclroscopy as deemed necessary. 

CD26 (DP IV) AFFINITY STUDIES 

Since me purificaUon of CD26 has .maincd a major problem, employing an 
mn. y column as described below should be of subs.a„Ual bcnef... r,. fac. J ..e linked 
l.omob.va,e„, d,meric molecule. KbP^Adipate. was shown ,o be a po.en, inhibi,or a, ^ 

ompou„dof.he,„venUo„ca„beusedforam„i,y puriflcalon of CD2.. DcrivaliJrre 
.-ammo group of ^e Lys-bo^Pro. without saerifleing aflini.y. should help i„ devell! 
an a«i„,ty column speeiHc for U,e puri«ea.o„ of CD26 from various sourl e 7 
lines transfccted with CD26 (DP IV) genes. ' 

Assays to measure CD26 (DP 1 V) activity can be performed on both the 
^omobtvalent compounds, eg.. Lys-boroPro coupled to another, and the heterobivalent 
— d.e.g.ys.boroPro.^^^^^ . 

m,m.,c.„,,ibito. With CD2.orOP,V.as well as forthci„te.e.o„of 
CD2(Sw,th larger h8a„ds.e.8.. the HIV Tat protein, have been developed fWr r ,,, •, 

^.W.W.Bachovchin. Sepam.„of..Pro.0..boroProi„to,tsC::p:r^ " 

T.h.Bmdl„gDa...„.,r..,,,,^^^^ '3-20 (1,.4. Outheil.t: ^ niv 
ITatBmdstoDP,V(CD2«:ApossibleMeeha„ismforTafs,mmu„o:upp°;L 
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Aclivily, Proc. Natl. Acad. Scl U.S.A. 91, 6594-6598 (1994)), Tlicsc methods use the 
chromatogenic substrate Ala-Pro-p-nitroanilide (AppNA) and fluorescent substrate Ala- 
Pro-7-amino-4-trinuorometIiyl coumarin (AP^AFC). AppNA and AP-AFC are 
commercially available (e.g., Enzyme Systems Products, Dublin, CA). 

EXAMPLE 15 
IMMUNOLOGICAL STUDIES ON HOMOBIVALENT 
AND HETEROBIVALENT COMPOUNDS 

1- T-cell Functional Assays 

The ability of bivalent Lys-boroPro molecules designed to induce association of cell 
surface CD26 can be measured in an antigen specific T cell response as previously 
described (G,R. Flentke, et aL, "Inhibition of dipeptidyl aminopeptidase IV (DP-IV) by 
Xaa-boroPro dipeptides and use of these inliibitors to examine the role of DP-IV in T-cell 
function," PNAS (USA) 88, 1556-1559 (1991); M. Subramanyam, et al., "Mechanism of 
HIV-1 Tat jnduced inhibition of antigen-specific T cell responsiveness," J. Immunol. 150, 
2544-2553 (1993)). 

Briefly, in the human system, peripheral blood mononuclear cells (PBMC) are 
cultured with suboptimal doses of anti-CD3 mAbs, in tlie presence or absence of the CD26 
associating agents. Alternatively, a recall antigen response is measured to a suboptimal 
concentration of tetanus toxoid or Candida antigen, plus or minus the CD26 associating 
agents (M. Subramanyam, et al., "Mechanism of HIV-1 Tat Induced inhibition of antigen- 
specific T cell responsiveness," J. Immunol. 150, 2544-2553 (1993)). 

In the murine system, the cytochrome C system is used for measuring the response 
in the 2B4 T cell hybridoma (G.R. Flentke, et al., "Inliibition of dipeptidyl aminopeptidase 
IV (DP-IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine the role of 
DP-IV in T-cell function," PNAS (USA) 88, 1556-1559 (1991)). Cellular activation is 
measured by the production of IL-2 by tlie T cell hybridoma, and the level of IL-2 produced 
is quantified in a biological assay, using HT-2 indicator cells. 
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biologically active compounds, or compositions thereof, arc useful for inducing tlie 
association between association-activated receptors on human T cells and for the treatment 
of a wide variety of T-cclI mediated diseases in animals; for example, autoimmune disease. 

Generally, these bivalent or multivalent homo- or hetcro-compounds or 
compositions thereof are useful as immune response modulating therapeutics (I) to treat 
disease conditions characterized by immunosuppression, e.g., AIDS or AIDS-related 
complex, other virally or environmentally induced conditions and certain congenital 
immune deficiencies; (2) to increase an immune function which has been impaired by the 
use of immunosuppressive drugs, (3) to treat systemic lupus erythematosis, rheumatoid 
arthritis, and multiple sclerosis. 

For example, the compounds of this invention can be used to deliver a member of 
the superantigen family to stimulate T cells. Superantigens comprise a class of disease- 
tissocialcd, immunostimulatory molecules that bind class II MHC molecules and stimulate 
large numbers of T cells (Jardetzky, T.S., ct al. "Tliree Dimensional Structure of a Human 
Class II I-listocompatiblity Molecule Complexd with Superantigen", Nature 368, 711-718 
(April, 1994)). Members of the superantigen family include toxins from S. aureus and 
other bacteria, as well as viral superantigens from mouse mammary tumor virus. The 
toxicity of the bacterial superantigens is thought to be mediated by their potent T-cell 
stimulating activities, leading to lymphokine release, respiratory distress and shock. 
Superantigens have also been implicated in rabies, rheumatoid arthiritis, and mouse and 
human AIDS. 

These bivalent or multivalent homo- or hctero-compounds or compositions thereof 
can be used to stimulate the growth of hemapopoietic cells in culture. Such cells can be 
transplanted into mammals, e.g., humans, to stcngthen or boost the hematopoietic, immune 
system, or both. These compounds also can be used to treat patients suffering from disease 
or from deficiency of hematopoietic cells such as AIDS patients, patients undergoing 
chemotherapy and/or patients under radiotherapy for hematological or other cancers, and 
patients undergoing bone marrow transplants. 

' When administered to mammals, e.g., humans, the compounds of the invention may 
enhance the ability of the immune system to regenerate cells that are immunosuppressed, 
e.g., CD4 and T cells. Thus, the bivalent compounds of this invention, can be administered 
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suspensions; for oral administmtion fom. , 

Mcaod. wc« known in „ formal"? ^ "~ 
•-n,in,.„„, P^„^ science.... Tollt:?""'" 
for cx»p,e. contain c.cipien«, sieriie w^cTt 
■ Wienegiyco,, „f„eor " ' ""'^^"^'^^ ^lycoi. such a. 
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po.cnMy useful parente:^ deliver J" of ■hecomp„u„,, Ofter 
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The homobivalent compounds or compositions thereof (CD26 T cell receptor 
associated with another CD26 T cell receptor) of the invention can be used to enhance 
rccall-anligcn specific immune responses. Lymphocytes from most HIV-infected 
individuals exhibit a qualitative defect in their ability to respond to recall antigens (A.S. 
Fauci. The human immunodeficiency virus: infectivity and mechanisms of pathogenesis. 
Science 239, 617-722 (1988)). This defect is exhibited early after infection and long before 
CD4+ T cell number decline. Accordingly, it is believed that these compounds will be 
useful in treating AIDS. Thus, the stimulatory activities should improve lymphocyte 
function in HIV infected individuals by ameliorating the defective recall antigen responses 
which show up early after infection, and by improving CD4+T cell numbers. 

Since the compounds of the invention and, in particular, the compounds of claim 1 
have high affinity and specificity for CD26, they can be useful for the selective delivery of 
other therapeutic agents to, and into CD4+ T cells. Thus, the compounds of the invention 
can be used to deliver pharmacological agents inside CD4+ cells that normally are unable 
to penetrate such cells. For example, many highly potent inhibitors of the HIV protease 
have been developed, which despite their high affinities for the HIV proteinase, arc limited 
in blocking HIV in vivo owing to their inability to get inside the CD4+ cells. These HIV 
proteinases hibitors inhibitors can be linked to the spacer arm of a bivalent CD26 ligand 
and delivered into CD26+ lymphocytes, which are the cells the virus primarily invades. 
Even if a drug is capable of entering CD4+ cells, the compounds of the invention can be 
used to concentrate the drug in CD26 cells, thereby maximizing the desired 
pharmacological activity while minimizing unwanted toxic side effects on other cells. This 
delivery vehicle therefore provides a mechanism to prevent or reduce AZT resistance by 
providing higher concentrations of AZT in CD4+ cells and lower concentrations elsewhere. 
Thus, the CD26 internalization activity of the compounds disclosed herein can be used to 
provide a vehicle for delivering and concentrating other therapeutic agents into CD4+T 
cells. 

The hcterobivalenl compounds designed to induce the association between a CD26 
T cell receptor and a different T cell receptor, e.g., the T cell receptor TCR/CD3, can be 
useful in stimulating a cell-mediated immune response against specific antigens. 
Heterobivalcnt compounds or compositions thereof comprising a CD26 inhibitor and an 
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^nUgenic pcpddc ..„„b.e a cellular im„,„„e :^po„.c again., an anUgemc „,id= a. 

compart ,0 an a„.ibody.»=dia.edta„„n.,«ponsc.m.u-mu,aUo„ofcea.n.edia^ 
-.ponsc agains. specific anUgcn. can be useful in patienls wiU, AIDS because mese 
panenls have high eoncenaaUons of anti-HIY antibodies. n,us, CD26.TCR 
5 associalion-inducing acivily can be useful for s«n,„la,ing a cell mediated in^une response 
.0 specfic anugens. nis biological ae.ivi,y should p^ve especially useful in vaccine 

develop.en..pa„icularIyforAi0Sbecauseaccl,„larorT,.lin,n,une,espons=is,he 
appropriale response for HIV-I and is appa^Uy lacking in AIDS palienls 

.0 Of ne , !t T"™'"' ""'""""'^ """" -n-ftcture 
.0 Of pepudc-based vaccines and >herapeu.ie agents for the .„=a.„,en. of allergies and 

auioimmunc diseases. 

Because U>e tesponse stimulated i. cell mediated and specific for tl,e anUgen 
chosen, such bifuncional agents can be useful in the devcloptnent of vaccines for 
mo mating a cell mediated In^^ response, especially for the development of a vaccine 
5 for ireatiilg AIDS. vai^cine 

The hetetobivalent compounds designed to induce the association between a CD26 
T ec rcce^or and a diffetent T cell teceptor, e.g.. CD4, can be usefi. in ac.iva.in, r eel, 
uncuon. ms hetetobivalent compound er compositions thereof can be u.ed ,„ se ectively 
^™tstoCD4.CD2..cel,s.or*eyea„beusefuli„b,oel.i„g„IVent,yinto 

can b '^T"^"" ^"""^ °' """"'""^ - ^"o- data .7 
ca^ be used to deliver a toxin, eg.. Hcin A immunotoxin or AZT. wiU,i„ a CD26H. T cell 

A toxtn 0 choice can be coupled to a dimcHc compound having high affinity for .be CD26 
Tc.st.,ace^ep.or.Also.a.^^^^ 

si. flcT„ll„ Hi.herway.on.U.edimcHccompoundass„cia^^ 

Tl,e compounds or compositions theteof can be administeted alone or in 
combtnation will, one another, or in combination with otlter thcmpeutie agents For 
camplc. treatment with one of U,e bivalent compounds can be combined with -more 
tmdtttenal therapies for treating disotticni of the immune. 
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When administered, the pharmaceutical preparations of the invention are 
applied in pharmaceutical ly-acccptable amounts and in phamiaceutically-acceptably 
compositions. Such preparations may routinely contain salt, buffering agents, 
prcscr\'atives, compatible carriers, and optionally other therapeutic agents. When 
used in medicine, the salts should be pharmaceutical ly acceptable, but non- 
pharmaccutically acceptable salts may conveniently be used to prepare 
pharmaceutically-acccptablc salts thereof and arc not excluded from the scope of the 
invention. Such pharmacologically and pharmaceutically-acceptable salts include, 
but are not limited to, those prepared from the following acids: hydrochloric, 
hydrobromic, sulfuric, nitric, phosphoric, maleic, acetic, salicylic, citric, formic, 
malonic, succinic, and the like. Also, pharmaceutically-acceptable salts can be 
prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or 
calcium salts. The pharmaceutical compositions also may contain, optionally, 
suitable preservatives, such as: benzalkonium chloride; chlorobutanol; parabens and 
ihimcrosal. Compositions suitable for parenteral administration conveniently 
comprise a sterile aqueous preparation of the crosslinking compound, which is 
preferably isotonic with the blood of the recipient. This aqueous preparation may be 
formulated according to known methods using suitable dispersing or wetting agents 
and suspending agents. The sterile injectable preparation also may be a sterile 
injectable solution or suspension in a non-toxic parenterally-acceptable diluent or 
solvent, for example, as a solution in 1,3-butanc diol. Among the acceptable 
vehicles and solvents that may be employed are water. Ringer's solution, and 
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this purpose any bland fixed oil 
may be employed including synthetic mono- or di-glyceridcs. In addition, fatty 
acids such as oleic acid may be used in the preparation of injectablcs. Carrier 
formulation suitable for oral, subcutaneous, intravenous, intramuscular, etc. 
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compound, wimout causing clinic,,, 
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Compositions suitable for oral administration may be presented as discrete 
units, such as capsules, tablets, lozenges, each containing a predetermined amount of 
the crosslinking compound of the invention. Other compositions include 
suspensions in aqueous liquids or non-aqueous liquids such as a syrup, elixir or an 
emulsion. 

Other delivcr>' systems can include time-release, delayed release or sustained 
release delivery systems. Such systems can avoid repeated administrations of the 
crosslinking compounds described above, increasing convenience to the subject and 
the physician. Many types of release delivery systems arc available and known to 
those of ordinary skill in the art. They include polymer base systems such as 
poly(lactide-glycolide), copolyoxalates, polycaprolactones, polyesteramides, 
polyorthoesters, polyhydroxybutyric acid, and polyanhydrides. Microcapsules of the 
foregoing polymers containing drugs are described in, for example, U.S. Patent 
5,075, 10*9^ Delivery systems also include non-polymer systems that are: lipids 
including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats 
such as mono- di- and tri-glycerides; hydrogel release systems; sylastic systems; 
peptide based systems; wax coatings; compressed tablets using conventional binders 
and excipients; partially fused implants; and the like. Specific examples include, but 
are not limited to: (a) crosional systems in which the crosslinking compound is 
contained in a form within a matrix such as those described in U.S. Patent Nos. 
4,452,775, 4,667,014, 4,748,034 and 5,239,660 and (b) diffusional systems in which 
an active component permeates at a controlled rate from a polymer such as described 
in U.S. Patent Nos. 3,832,253, and 3,854,480. In addition, pump-based hardware 
delivery systems can be used, some of which are adapted for implantation. 

Use of a long-term sustained release implant may be particularly suitable for 
treatment of chronic conditions. Long-term release, as used herein, means that the 
implant is constructed and arranged to delivery tlierapeutic levels of the -active 
ingredient for at least 10 days, and preferably 60 days. Long-temi sustained release 
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implants arc Well-known .0 those of ordinao- skill in U,c art and include some of U,e 
release systems described above. 

The crosslinking compounds described herein are administered in effective 
amounts. An efTeCve amount is a dosage of the crosslinking compound sufficient 
5 to prov,de a medically desirable result. The effective an,ount will vaty with the 
particular condition being u-eated, the age and physical condition of the subject 
bcng treated, the severity of the condition, the duntlion of the treatnient. tlae nature 
of the concurrent therapy (if any), the speeiflc route of administn>tion and like 
factors within the knowledge and expertise of the health practitioner. For example 
0 an effective amount for stimulating T cell activation would be an amount sufficient' 
10 u,crcas= to a statistically significant e..tent T cell activation as for example 
measured by proliferation or by increased T cell activity. An effective amoum for 
sttmulatms a desired immune response also can be measured, for example by 
dctcrmtriing a change in the immune flmetion in a subject (e.g., increased B cell 
response, increased cytotoxic T cell response, stimulation of bone marn,w 
prohfcration, or an ability ,0 slow, halt, orprevent an infeeUon or cancer) An 
effeettve amount for treating an autoimmune disorder or allergic disorder would be 
U,at amount sufficient to lessen or inhibit altogetter the immune or allergic response 
associated with U,e disorder so as to slow or halt the development of or the 
progression of the disorder. TTtus. it will be undctood that the crosslinking 
compounds of the invention can be used to treat an autoimmune disorder (e g 
.ransplant rejection) prophylaetieally in subjects at risk of developing an immtlte 
response (e.g., recipients prior to transplant). As used in the claims, "inhibit" 

~ - ''r-«ve amount for treaUng an immune 

system dtsorder ,s that amount which can slow or halt altogether the symptoms 
associated with the immune system disorder so as .0 prevent the disorder, slow its 
prog,.ession. or halt the progression of the immune system disorder. It is prefet^d " 
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generally that a maximum dose be used, that is, the highest safe dose according to 
sound medical judgment. 

Generally, doses of active compounds will be from about O.OOlmg/kg per day 
to 1000 mg/kg per day. It is expected that doses range of 0.01 to 100 mg/kg will be 
suitable, preferably orally and in one or several administrations per day. Lower 
doses will result from other forms of administration, such as intravenous 
administration. In the event that a response in a subject is insufficient at the initial 
doses applied, higher doses (or effectively higher doses by a different, more 
localized delivery route) may be employed to the extent that patient tolerance 
permits. Multiple doses per day are contemplated to achieve appropriate systemic 
levels of compounds. 

Other embodiments arc within the following claims. 
What is claimed is: 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 

Ci) APPLICANT: Trustees of Tafts College 
(ii) TITLE OF THE INVENTION- MOT-mniT™™ 

(iii; NUMBER OF SEQUENCES: 27 
(iv) CORRESPONDENCE ADDRESS- 

(C; CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: U.S.A. 

(F) ZIP: 02210 

(v) COMPUTER READABLE FORM- 
(A) MEDIUM TYPE: Diskette 
B COMPUTER: IBM Compatible 
(C; OPERATING SYSTEM- DOS 
(d; SOFTWARE: FastSEQ for Windows 

(vi) CURRENT APPLICATION DATA- 
(A; APPLICATION number - 
III ^^^^G DATE: 28-JUN-1997 
(C; CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

A APPLICATION NUMBER: 08/671 756 
(B) FILING DAIE: 28-JUN-1996 

CA) APPLICATION NUMBER: 08/837,305 
(B) FILING DATE: II-APR-1997 



(A^ m^"^/"^^ INTORMATION: 
A NA>E: Plumer, Elizabeth R 

? REGISTOATION NUMBER: 36,637 
(C) REFERENCE/DOCKET NUMBER 10254/7007 
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(ix) TEIJECCmOlfaCATlON INFORMATION: 

(A) TRT.KPHONS: 617-720-3500 

(B) TELEFAX: 617-720-2441 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 

Glu Ala Asp Pro Thr Gly His Ser Tyr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEf^GTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: , peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

Ser /via Tyr Gly Glu Pro Arg Lys Leu 
1 5 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE C-IARACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



Glu Val Asp Pro lie Gly His Leu Tyr 
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(2) INPOKMATION FOR SEQ ID N0:4: 

(1) SEQUENCE CHaRACTERISTICS- 
(A) LENC3TH: 9 amino acids * 
(b; TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TDPOLOGY: linear 
(ii) MOLECCJLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Met I^u Leu Ala Val Leu Tyr Cys Leu 

^ 5 

(2) INFORMATION FOR SEQ ID N0:5: 

(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 amino acids ' 

(B) TYPE: amino acid 

(C) STOANDEDNESS: single 

(D) TQPOUDCY: linear 
(li) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
^ Met Asn Gly Thr Met Ser Gin Val 

(2) INFORMATION FOR SEQ ID NO; 6: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGIH: 9 amino acids ' 

(B) TYPE: amino acid 

(C) SIRANDEDNESS: single 

(D) TOPOLOGY: linear 
(11) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
lyr Leu Glu Pro Gly Pro Val Thr Ala 

(2) INFORMATION FOR SEQ ID NO: 7: 
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(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Leu Leu Asp Gly Thr Ala Thr Leu Arg Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHT^CTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Ala Ala Gly lie Gly He Leu Thr Val 
1 5 



(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Ser Ser Ser Thr Leu Cys Thj: Ser Lys Ala Asp Lys Ser Ser Gly Asn 

15 10 15 

Gin Gly Gly Asn Gly Val Phe He Val Val Asn Ala Trp Tyr Ser 
20 25 30 

(2) INFORMATION FOR SEQ ID N0:10: 

(i) SEQUENCE CHARACTSRISTICS: 
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15 10 15 

Asp Thr Gin Lys Ser Thr 
20 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: 

Asp Ser Phe Glu Ser Val Arg Leu Pro Ala Pro Phe Arg Val Asn His 

15 10 15 

Ala Val Glu Trp 
20 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

He He Ser Pro Val He Phe Gin He Ala Leu Asp Lys Pro Cys His 
15 10 15 

Gin Ala Glu Val Lys His Leu His His Leu Leu Lys Gin Leu Lys Pro 

20 25 30 

Ser Glu Lys Tyr Leu Lys He Lys His Leu Leu Leu Lys Arg Glu 7^ 

35 40 45 

Val Asp Leu Ser Lys Leu Gin 
50 55 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE GHARACTERISTICS : 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 
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(C) STRANDEDNESS: single 
iD) TOPOLOGY: linear 
(ii; MOLECOLE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SBQ ID N0:15: 
Arg Ser Lys Thr Leu His Hi^ t 

^ x^u His Hxs Leu Leu Lys Gin Leu Lys Pro Ser Glu 

Lys Tyr Leu Lys He Lvs His t 1° IS 

y Lys H.S Leu l^u l^u Lys Arg Glu Arg Val Asp 

Leu Ser Lys Leu Gin 30 
35 

. (2) INH5RMATI0N FOR SBQ ID NO; 16: 

(i) SEQUENCE CEIARACIERISncS- 

(A) LENGTH: 27 cimino acids' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 
Pro Pro Gin Thr Gly Glu Lvs ivr- t r 

, Lys Tyr Leu Lys He Lys His Leu Leu Leu 

Arg Glu Arg val ASP I.U Ser Lys Lu Gin 

■ 25 

(2) INFORMATION FOR SBQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 22 amino acids ' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOIOGY: linear 

(11) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO-IV- 

- ^ ^ ^ ^ - - - V. 

Phe Leu Val His Pro Ala ° 15 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SBQDENCE CHARACIERISTICS : 

(A) LENGTxI: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Asp Thr Leu Leu Leu Leu Pro Arg Lys Val Leu Gin Met Asp Phe Leu 

15 10 15 

Val His Pro Ala 
20 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: • 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOIIECDLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19 1 

Leu His Phe Ala Ser Arg Trp He Phe Leu Phe He Gin Pro Glu Cys 

15 10 15 

Ser Glu Pro Arg 
20 

(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



Gin Asp Ley Thr Met Lys Tyr Gin lie Phe 
15 10 
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(2} INFORMATION FOR SEQ ID NO: 21: 

(1) SEQUENCE C31ARACIER1STICS • 
• (A) LENdH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Ala Ala Ala Ala Ala Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE OiARACIERISTlCS- 

(A) LENGIK: 13 amino acids' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

ix±) ^EBOEMCE DESOUmON: SEQ ID NO:22: 

ser I.U aly I.ys xrp I.U Gly HI. Pro £^ 
^ 10 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 19 amino acids' 

(B) TYPE: amino acid 

(C) STOANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

His Ser Leu Gly Lys Trp Leu Gly His Pr-.^ r 
1 ^ u ^ly His Pro Asp Lys Phe Ala Ala Ala 

Ala Ala Ala ^° IS 

■• (2) INFORMATION FOR SEQ ID NO:24: 
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(i) SEQUENCE GHART^CTERISTICS : 

(A) LENGTH: 19 amino acicis 

(B) TYPE: amino acid 

(C) STEU^EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 24: 

His Ser Leu Gly Lys Trp Leu Gly His Pro Asp Lys Phe Ala Ala Ala 

1 5 10 15 

Ala Ala 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHZ^CTERISTICS : 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single ' 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Ala Ala Ala Ala Ala Phe Lys Asp Pro His Gly Leu Trp Lys Gly Leu 

1 5 10 ' 15 

Ser His 



(2) INFORMATION FOR SBQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO:26: 

Ala Asp Pro Thr Gly His Ser Tyr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 27: 
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CLAIMS 



25 



I . A compound, having the structure 



D1 - A1 " A2 " A3 A4 fl 02 - AS A6 - A7 - A3 — B 



\ 
Y2 



Y4 



5 wherein DI and D2, independently, are selected from the group consisting of NH and 
NH2, wherein N represents any isotope of nitrogen, wherein H represents any isotope of 
hydrogen; "-"is, independently, selected from the group consisting of a single bond and a 
double bond; B represents, independently, any isotope of boron; Al and A5 are, 
independently, selected from a group consisting of a C, a CX moiety and an N, wherein C 

10 represents any isotope of carbon, wherein X represents any atom capable of forming a 
single bond with C: each A2, A3, A4, A6, A7 and A8 arc, independently, selected from a 
group consisting of a CX moiety, a CXZ moiety, a CZ moiety, an NX moiety, and an O, 
wherein X and Z, arc, independently, selected from the group consisting of any atom 
capable of forming a single bond and any atom capable of forming a double bond with C 

!5 or N and wherein O represents any isotope of oxygen; wherein each Y 1 , Y2, Y3 and Y4 
are, independently, selected from the group consisting of a hydroxy! moiety and any 
reactive moiety that converts to a hydroxyl moiety under physiological conditions; and L 
represents a linker molecule (i) having a molecular weight ranging between about 100 
daltons and about 2000 daltons, (ii) having a span ranging from about 20 A to about 300 

20 A, and (iii) containing a chain of atoms selected from the group consisting of a 

combination of C, O, N, S, and Ph atoms, connected by single bonds or by double bonds 
in a manner that does not violate the laws of chcmisirj' and wherein S represents any 
isotope of sulfur and Ph represents any isotope of phosphorous. 

2. Tlie compound of claim 1 wherein the following structures 

^ Y1 



Di --Ai -A2''A3''A4 S 

Y2 
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and 



indcp^dcnu.. a binding n.„i«y. wherein R „^ u.= „r of tee 

5 molecule. 



3^ T„c compound ofclain, 2 wLcrcin ,he. arc 4 a.„n. positioned between .,e group 
consisting ofDI and D2 and B of the binding moiety. 

4. TIK compound of claitn 2 wherein the binding moiety is in an L-configut^tion. 

5. The compound of claim 2 wherein Yl Y7 v^nnriv/i l j 

iiwcin r 1, r^, Y3 and Y4 are hydroxy! groups. 



and the A5 bonded to the B is in the L-configu; 



ation 



ration. 



The compound of claim 2 whe^n the binding moiety is an L-amino acid residue 
conjugated to B. a boron moJecuIe. 



8^ '^"-P'-O^fciaimJwhereinthebindingmoietyisse.eetedfromthegroup 
cons,s.,„g of L-Lys-L-bo^Pro and a derivative of L-Lys-L-boroP™, ' 



selected trom the group eons,s.i„g ofa carbo.y,atc group, an amino group, a sulftydrvl 
.roup, an nnida.o,e group, an a,.ene group, an aey, haiogen group, and C^^,X Ih ^ ^ . 
rcprcscms a halogen. 'j'^, wncrem A • 
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1 0. The compound of claim I wherein the linker molecule is further defined as having 
the following structure: 

wherein [G] contains atoms selected from the group consisting of a carbon, 
5 nitrogen, oxygen, hydrogen and a sulfur atom; [J] is selected from the group consisting of 
a CH2 molecule, a chain of carbon atoms, a chain of nitrogen atoms, and a chain of oxygen 
atoms; and m, p, and q represent an integer from 1 to 50, inclusive. 

1 1 . The compound of claim 1 0 wherein [G] is an R group selected from the group 
consisting of'L-amino acid residues selected from the group consisting of lysine, cysteine, 

10 glutamic acid, asparlic acid, histidine, argininc, glutamine, and asparaginc and D-amino 
acid residues selected from the group consisting of lysine, cysteine, glutamic acid, aspartic 
acid, histidine, argininc, glutamine, and asparaginc. 

12. The compound of claim 1 wherein the linker molecule is selected from the group 
consisting of hexanedioic acid (adipic acid), EGS, 1, 4-diaminobutane, 1 , 4-dithiobutane, 

15 dithiothreitol, lysine, cysteine, glutamic acid, aspartic acid, histidine, argininc, glutamine, 
and asparaginc. 

13. The compound of claim 1 wherein the linker molecule contains at least two amino 
groups when the binding moieties contain glutamic acid residues. 

14. The compound of claim 1 wherein the linker molecule contains at least two amino 
20 groups when the binding moieties contain aspartic acid residues, 

1 5. The compound of claim 1 wherein the linker molecule contains at least two 
sulfliydryl groups when the binding moieties contain cysteine residues.- 

16. '. The compound of claim 1 wherein the linker molecule span ranges from about 30 
A to about 100 A. 



^^98/00439 
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and 

yj 

represent, independently, a binding moiety, wherein R represents the remainder of the 
5 molecule. 

1 9. The compound of claim 1 8 wherein there arc 4 atoms positioned between D and B 
of the binding moiety. 

20. - • The compound of claim 1 8 wherein the binding moiety is in an L-configuration. 

21. The compound of claim 17 wherein Yl and Y2 arc hydroxyl groups. 

10 22. The compound of claim 1 7 wherein the A4 bonded to the B is in the L- 
configuralion. 

23. The compound of claim 18 wherein the binding moiety is an L-amino acid residue 
conjugated to B, a boron molecule. 

24. The compound of claim 1 8 wherein the binding moiety is selected from the group 
1 5 consisting of L-Lys-L-boroPro and a derivative of L-Lys-L-boroPro. 

25. The compound ofclaim 17 wherein the linker molecule contains a functional group 
selected from the group consisting of a carboxylate group, an amino group, a sulfliydryl 
group, an imidazole group, an alkenc group, an acyl halogen group, and CM^X, wherein X 
represents a halogen. 
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3 1 . The compound of claim 1 7 wherein the peptide is selected from the group 
consisting of: 

a) a peptide derived from a human myelin protein. 
5 b) a motli cytochrome C peptide; 

c) a tetanus toxin; 

d) a HI V. 1 GP 120 peptide; 

e) myelin basic protein peptide; 

f) a tumor antigenic peptide; and 

1 0 g) antigenic peptides of infectious agents. 



32. The compound of claim 3 1 wherein the human Myelin protein peptide is selected 
from the group consisting of a myelin basic protein; a mylcne proteolipid protein, and a 
myelin associated glycoprotein, wherein the myelin proteolipid protein peptide is selected 
from the group consisting of PLP peptide 139-151 and PLP peptide 190-209, wherein the 

15 Moth cytochrome C peptide is peptide MCC 94-103, wherein the myelin basic protein 
peptide is MBP peptide 1-1 1, and wherein the tetanus toxin peptide is selected from the 
group consisting of tetanus toxoid peptide and P2 tetanus toxoid peptide. 

33. The compound of claim 17 wherein the naturally occurring receptor is a T cell 
surface receptor or a B cell surface receptor. 



20 34. The compound of claim 33 wherein the cell surface receptor is selected from the 
group consisting of TCR/CD3, CD2, CD4, CDS, CD 10, CD26, CD28, CD40, CD45, B7.1 
and B7.2. 

35. A compound, having the structure 



Yi 



Y2 



B1- 



'EX 
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I 
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j) El docs not undergo a chemical reaction with another El ; 

k) E3 does not undergo a chemical reaction with another E3; and 
(1) El and E3 arc selected from the group.consisting of a carboxylate, amino, 
5 imidazole, sulfliydryl, aldehyde, ester, and any other reactive species; . 

wherein [J]p, E2, [I]q and [G]m together comprise a linker moiety, and wherein 
[G]ni, [J]p, and [I]q represent, independently, linker molecules (i) having a molecular 
weight ranging between about 100 daltons and about 2000 daltons, (ii) having a span 
ranging from about 20 A to about 300 A, and (iii) containing a chain of atoms selected 
10 from the group consisting of a combination of C, O, N, S, and Ph atoms, connected by 
single bonds or by double bonds in a manner that does not violate the laws of chemistry 
and wherein S represents any isotope of sulfur and Ph represents any isotope of 
phosphorous; and wherein m, p and q represent, independently, an integer from 1 to 50, 
inclusive; 

15 and wherein E2 is selected from tlic group consisting of CX, CH, N, PliYZ, PhU 

and any other moiety capable of forming covalcnt bonds with [J]p, [G]„„ and [I]^ and 
wherein: 

a) C is any isotope of carbon; 

b) X is any isotope of any atom capable of forming a single bond with carbon; 
20 c) M is any isotope of hydrogen; 

d) N is any isotope of nitrogen; 

e) Ph is any isotope of phosphorous; 

f) Y is any isotope of any atom capable of fomiing a single bond with 
phosphorous; 

25 g) Z is any isotope of any atom capable of forming a single bond with 

phosphorous; and 

h) U is any isotope of any atom capable of forming a double bond with 
phosphorous. ' 

36. The compound of claim 1 7 wherein the following structures 



30 



Y2 



-123- 

40. The method of claim 39, wherein said contacting is carried out by administering 
said compound to a human patient suffering from a disease state characterized by 
inadequate lymphocyte activation or concentration. 

5 41. The method of claim 40, wherein said disease state is caused by HIV infection, 

42. Tl\c metliod of claim 40, wherein said compound is administered in conjunction 
with a second, different agent which stimulates activation or proliferation of said 
lymphocytes. 

43. The method of claim 40, wherein said compound is administered by a route 
10 selected from the group consisting of orally, intramuscularly, subcutaneously, and 

intravenously. 

44. The method of claim 39, wherein said contacting of lymphocytes witli said 
compound is carried out in vitro, 

45. The method of claim 40, wherein said disease state is a neoplasm, and said CD26- 
15 bearing lymphocytes are cytolytic or helper T cells. 

46. The method of claim 40, wherein said patient is suffering from side effects of 
chemotherapy or radiation therapy, one of which side effects being a consequence of 
depletion of cells of the immune sy.stcm, wherein cells of the immune system arc selected 
from the group consisting of cells derived from lymphoid, crythroid and myeloid lineages. 

20 47. Tlie method of claim 40, wherein said patient suffers from kidney failure resulting 
in depletion of cells of the immune system. 



48. ' . The method of claim 40, wherein said patient suffers from a bone marrow disorder 
resulting in immunodeficiency. 
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55. The method ofclaim 39, wherein administering comprises obtaining the T cells, 
bone marrow cells, stem cells or early lineage progenitor cells from tlie subject, contacting 
the isolated cells with the compound cx vivo in an amount efTcctivc to stimulate tlie cells, 

5 and reintroducing the cells to the subject. 

56. A method for treating an autoimmune condition comprising: 

administering the compound of claims 1, 17, 35, or 49 to a subject in need of such 
treatment in an amount effective to inliibit the autoimmune condition in the subject. 

57. The method of claim 40, wherein said patient suffers from immunodeficiency 
10 symptoms resulting from depletion of cells of the immune system. 

58. The compound ofclaim 49, wherein is a retroinverso peptide. 



59. Ttic compound of claim 49, wherein is a tumor antigenic peptide. 
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